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Purpose: The primary aim of this study was to validate a clinical prediction rule (CPR) to 
identify patients with low back pain (LBP) likely to benefit from spinal manipulation. Subjects: 
131 consecutive patients referred for physical therapy. Patients with positive neurologic signs or 
other red flags for spinal manipulation were excluded. Method: A multicenter, randomized 
clinical trial. After completing a standardized history and physical examination, patients were 
randomly assigned to receive spinal manipulation (n=70) or a stabilization exercise intervention 
(n=61). Patients were seen in physical therapy twice the first week, then once a week for the next 
three weeks, for a total of five sessions. A single manipulative intervention was used for patients 
who received spinal manipulation during each of the first two sessions, who then completed the 
stabilization exercise intervention for the remaining three weeks. Patients who achieved at least a 
50% improvement in their Oswestry Disability Questionnaire (ODQ) score were classified as a 
success. Patients who met at least 4/5 criteria in the CPR were classified as positive. Analyses: A 
2*2*3 repeated measures multivariate analysis of variance (MANOVA) was performed, 
followed by a Bonferroni procedure for planned comparisons. Sensitivity, specificity, and 
positive and negative likelihood ratios (LR) with associated 95% confidence intervals were 
calculated. Results: There was a significant three-way CPR*Intervention*Time interaction for 
the overall repeated measures MANOVA (p<.001). Patients classified as positive on the CPR 
and received spinal manipulation achieved 2.5 times the minimum clinically important difference 
iv 
(MCID) on the ODQ compared to patients classified as negative on the CPR and received spinal 
manipulation and 3.4 times the MCID compared to patients classified as positive on the CPR but 
received the stabilization exercise intervention (p<.001). These results were maintained at the 
four-week follow-up (p<.003). With a positive LR of 13.2 (3.4, 52.1) and based on a pre-test 
probability of success of 44.3%, this translates into a post-test probability of success of 91.2%. 
Conclusions: The results of this study support the validity of the spinal manipulation CPR. 
Clinical Relevance: Clinicians can accurately identify patients with LBP likely to benefit from 
spinal manipulation. 
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1. Statement of the Problem 
Because of the substantial impact of low back pain (LBP) on healthcare systems throughout the 
world, there is a need to identify effective interventions to reduce the disability associated with 
LBP. However, few interventions for patients with LBP have evidence for their effectiveness. 
One explanation for the failure of research to identify effective interventions is the inability to 
classify patients with LBP into more homogenous subgroups that are likely to likely benefit from 
a specific intervention. Spinal manipulation is one intervention that has some evidence for its 
effectiveness; however, the results are sometimes contradictory. Some studies have demonstrated 
spinal manipulation to be effective1-7 while others have shown that it is not.8-11 This confusion 
makes it difficult for clinicians to determine when manipulation should be used in the treatment 
of patients with LBP. A previous study conducted the first step in the development of a clinical 
prediction rule (CPR) to identify patients with LBP most likely to likely benefit from spinal 
manipulation.12 Patients who met at least 4/5 criteria in the CPR improved their chances of 
success with spinal manipulation from 45% to 95%. Success was defined as achieving at least a 
50% improvement on the Oswestry Disability Questionnaire (ODQ). 
 
Although the results of this initial step in the development of a CPR are exciting, subsequent 
studies are necessary to validate the initial findings in a different patient population. This study 
was a multicenter randomized clinical trial (RCT) designed to validate the CPR in a different 
sample to identify patients with LBP likely to benefit from spinal manipulation. If the results of 
the initial study can be validated, clinicians will benefit by having an easy-to-use CPR to assist 
them in decision-making to identify patients likely to benefit from this intervention. Future 
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clinical trials can then be developed to test the implementation of the CPR in clinical practice on 
practice patterns, outcomes of care, and costs. 
2. Background and Significance 
2.1 Prevalence and Costs Associated with LBP 
Next to the common cold, the complaint of back pain is the most common reason individuals 
visit a physician’s office13 and affects 60-90% of individuals during their lifetime.14 The 
complaint of acute LBP alone was the fifth most common reason for individuals to seek 
physician assistance in 1995.15 Billions of dollars in medical expenditures related to the 
treatment of LBP are incurred each year.16,17 Because of the substantial impact of LBP on 
healthcare systems throughout the world, there is a need to identify effective interventions and 
prevention strategies. 
2.2 Attempts to Identify Effective Interventions for Low Back Pain 
Unfortunately, many interventions currently used in the management of patients with LBP do not 
have evidence to support their use, and attempts to identify effective interventions have often 
been futile.18-21 Little evidence, if any, exists to support several interventions utilized by 
therapists, to include traction, biofeedback, heat and cold modalities, and transcutaneous 
electrical nerve stimulation (TENS).20,21 Research that has assessed the effectiveness of exercise 
in patients with LBP also has been equivocal.18,19 The evidence seems to advocate exercise for 
patients with chronic LBP but seems to be ineffective for patients with acute LBP.18,19,22 It is 
possible that one explanation for the lack of evidence for many interventions for patients with 
LBP is the inability of researchers to define relevant subgroups of patients who are most likely to 
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benefit from the intervention being studied.23,24 The inclusion criteria that used in research on 
interventions for the management of LBP are frequently too broad, including patients for whom 
the intervention would not be expected to be beneficial. Without the ability to match patients to 
specific interventions, clinicians are left without evidence for decision-making to select 
interventions for a particular patient. 
2.3 Lumbopelvic Region Dysfunction a Potential Subgroup of Low Back Pain 
Despite the controversy over the exact prevalence, research indicates that the lumbopelvic 
region, specifically the sacroiliac (SI) joint, is a possible source of LBP.25,26 The term “SI joint 
dysfunction” is used to explain pain from a SI joint that exhibits no demonstrable lesion but is 
presumed to have some type of biomechanical disorder that causes that pain.25 The 
biomechanical disorder may be a state of relative hypomobility within a portion of the joint’s 
range of motion with subsequent altered positional relationships between the sacrum and ilium.27 
However, based on the lack of evidence to implicate the joint itself as the primary source of pain 
and dysfunction,27-30 the term “lumbopelvic region” will be used hereafter to characterize this 
subgroup of patients. 
2.3.1 The Traditional Approach for the Diagnosis of Lumbopelvic Region Dysfunction 
Traditionally, clinicians have primarily utilized a pathoanatomical approach by relying on 
multiple clinical diagnostic tests purported to identify and diagnose dysfunction in the 
lumbopelvic region. Components of the physical examination commonly used in patients with 
suspected dysfunction in this area include tests designed to assess the symmetry of bony 
landmarks in the static position (static symmetry tests), tests to assess the symmetry of bony 
landmarks with movement (movement symmetry tests), and tests to reproduce symptoms 
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(provocation tests). The results of these tests are then typically used to guide the choice of a 
manual therapy intervention specific to the biomechanical disorder that is identified. Many tests 
are described in the peer-reviewed literature as being useful to identify dysfunction in the 
lumbopelvic region.31-34 
2.3.2 Limitations of Lumbopelvic Region Diagnostic Tests for Clinical Decision-making 
The utility of diagnostic tests to assess the lumbopelvic region for decision-making may be 
limited for several reasons. First, these tests have not been demonstrated to be sufficiently 
reliable to justify their use.32-34 Secondly, little research has been conducted to establish the 
validity of these tests.35 The few studies that have attempted to assess the validity for using these 
tests27-30 largely refute the theoretical foundation for bony movement at the SI joint, a foundation 
upon which many of these tests are based. The poor reliability and validity for these tests 
contribute to clinicians frequently obtaining results that are contradictory among patients in 
which these tests are purported to be useful. Based on the overwhelming evidence that suggests 
these tests are not sufficiently reliable or valid, their use for decision-making appears to be 
limited. In fact, it has recently been suggested36,37 that clinicians as a whole abandon these tests 
in pursuit of more reliable and clinically useful means by which to diagnose and treat 
dysfunction in the lumbopelvic region. 
2.3.2.1 Reliability of Diagnostic Tests for Lumbopelvic Region Dysfunction 
Reliability studies for diagnostic tests to assess dysfunction in the lumbopelvic region can be 
divided into those that have demonstrated acceptable reliability and studies that have failed to 
demonstrate acceptable reliability. Only a few studies that have assessed the reliability of these 
tests report acceptable reliability.31,38-41 For those studies that have reported acceptable 
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reliability, limitations in the methodology exist such as using asymptomatic subjects,38,39 tester 
awareness of the expected measure,39 and unclear descriptions of the population and outcome 
measure.40 Each of these limitations hinders the clinical utility of these tests. The only tests for 
which there appear to be an acceptable level of reliability using appropriate methodological 
procedures is the palpation of iliac crest height in sitting41 and palpation of iliac crest height in 
standing.31 However, little research has been conducted to establish the validity for any of these 
tests. 
 
Most studies25,32,35,40,42-53 have almost uniformly demonstrated poor reliability for these tests. 
Studies that have failed to demonstrate acceptable reliability for individual tests45,46,50,54 have 
also suffered from methodological flaws such as lack of scientific rigor in the statistical 
methodology,46 use of the non weight-bearing position,51 failure to use the dominant eye to sight 
the landmarks, lack of sufficient distance between the palpating fingers and the evaluator’s 
eyes,45,46,50,54 subject fatigue after long standing periods,50 and use of non-representative groups 
of subjects.50 
 
O’Haire51 suggested that the poor reliability might be partially attributed to errors in the precise 
location of the anatomical landmarks used in these tests. It has been proposed that better 
standardization of measures and the use of appropriate statistical methods in studies of 
dysfunction in the lumbopelvic region may result in improved measurement accuracy.55 
However, despite diligent efforts to standardize and refine the operational definitions and testing 
procedures associated with these tests, these efforts have largely not improved the reliability of 
these tests. 
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2.3.2.2 Validity of Diagnostic Tests for Lumbopelvic Region Dysfunction 
Not only have diagnostic tests for lumbopelvic region dysfunction largely been demonstrated to 
be unreliable, but there is also little evidence to support their validity.35 Clinicians who use these 
tests to guide decision-making in the selection of an intervention such as 
mobilization/manipulation for patients with LBP rarely use the results of a single test in 
isolation. Rather, they use the results of these tests in combination with other pertinent 
information from the patient’s history and physical examination first to determine if a patient is 
appropriate for the intervention and if so, to help guide decision-making in the selection of the 
most appropriate technique. However, studies that have assessed the reliability of these tests tend 
not to consider other potentially relevant variables from the history and physical examination 
that may be used for decision-making. 
 
Secondly, the use of these tests to guide treatment is largely based on theoretical principles that 
are not necessarily supported by the current scientific evidence. There is growing evidence that 
movement between the sacrum and the ilium is less than 2 mm and less than 2°,27-29 an amount 
of motion so small that it may likely not even be detectable with palpation. Gerlach and Lierse56 
suggest that such a small amount of movement substantiates the importance of the ligamentous 
apparatus holding these structures together. Perhaps even more importantly, Tullberg et al30 
found using roentgen stereophotogrammetric that manipulation did not alter the position of the 
SI joint. It has been suggested that dysfunction in the lumbopelvic region could be caused by a 
slight joint derangement that would greatly alter the transmission of forces through the pelvis and 
low back area, thus representing a potential source of ongoing discomfort.42,56 However, these 
findings largely fail to support the theoretical foundation for bony movement, a foundation upon 
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which many of these tests are based. Therefore, even if these tests could be reliably measured, 
the theoretical foundation may be seriously flawed, and the construct validity in their use for 
decision-making is lacking. Interestingly, recent evidence does suggest that manipulation 
increases gapping of the facet joints in the lumbar spine.57 
 
Based on our experience and the suggestion of others,30 it seems reasonable to suspect that 
lumbopelvic asymmetries in patients with LBP that may be addressed with manipulation may 
instead be attributed to changes in soft tissues in this region; however, little research has been 
conducted to examine the plausibility of this hypothesis. It is possible that discrepancy in side-to-
side weight-bearing between the lower extremities could be a manifestation of soft tissue or other 
biomechanical dysfunction in the lumbopelvic region. Childs et al58 found that patients with LBP 
demonstrated increased side-to-side weight-bearing asymmetry compared to healthy control 
subjects without LBP. Higher magnitudes of asymmetry were associated with increased levels of 
pain. A subsequent follow-on study59 demonstrated significant improvements in iliac crest and 
weight-bearing asymmetry immediately after spinal manipulation, changes which were related to 
improvements in the patient’s self-reported level of pain. Although the results of these studies do 
not lend direct evidence to support the validity of the role of soft tissues in their contribution to 
LBP, they do provide preliminary evidence to support the theoretical rationale for how 
manipulation may work to improve pain and function in these patients. Future work needs to be 
conducted to further examine the mechanisms through which spinal manipulation acts to 
improve pain and function. 
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Some have suggested that perhaps the results of a combination of tests may be more useful than 
the results of a single test in isolation.25,44,60-62 Several studies25,44,60,61 have attempted to 
determine the diagnostic validity of these tests in isolation and in combination using short-term 
pain relief after injection of the lumbopelvic region as the reference criterion to identify which 
patients exhibited dysfunction in the lumbopelvic region. None of these studies support using the 
results of these tests in isolation, and only one of the studies60 supports using the results of a 
combination of tests. However, the validity of using injection as the reference criterion to 
identify which patients have dysfunction in the lumbopelvic region has not been 
demonstrated63,63,64,64,65 and is not useful clinically. Only one other study has attempted to 
determine if the usefulness of these tests in combination is more meaningful than their use in 
isolation. Cibulka et al62 described a cluster of four symmetry and movement tests (three of 
which must be positive to indicate an overall positive test) to identify patients with dysfunction 
in the lumbopelvic region and reported good reliability and validity. However, they used the 
presence or absence of LBP as the reference criterion to establish that dysfunction in the 
lumbopelvic region was in fact present.62 This reference criterion assumes that dysfunction in the 
lumbopelvic region contributes to all cases of LBP, which does not make intuitive sense 
clinically. Perhaps more importantly, the sample included asymptomatic patients without LBP. 
For the results of a study assessing the validity of a diagnostic test to be useful, the sample 
should include an appropriate spectrum of patients in which clinicians would actually perform 
the tests. Clinicians do not routinely perform diagnostic tests in asymptomatic patients, thus they 
only useful to the extent they can distinguish between patients with the diagnosis of interest and 
other competing diagnoses that need to be ruled in or ruled out. Based on these factors, the 
28 
results of this study are limited. Additionally, a recent study52 failed to replicate the findings of 
Cibulka et al62 because the individual tests in the cluster were largely unreliable. 
2.3.2.3 Lumbopelvic Region Diagnostic Test Results Often Conflicting 
Based on our clinical experience, interpreting the results of diagnostic tests for dysfunction in the 
lumbopelvic region can frequently lead to conflicting findings, which may largely be attributed 
to their overall poor reliability and validity. Two case reports were recently published illustrating 
this phenomenon.66 Using the traditional approach to examine a patient with suspected 
dysfunction in the lumbopelvic region, several of the classic diagnostic tests were performed. 
Based on the static tests in which the bony landmarks were palpated, one of the patients 
exhibited an apparent high PSIS and IC in conjunction with a low ASIS on the right in static 
standing. With the traditional approach, this combination of findings suggests the presence of an 
anteriorly rotated innominate on the right. The supine long-sitting test and the prone knee flexion 
test were performed next. The supine long-sitting test is a test that compares apparent leg lengths 
in the supine and long-sitting positions. To perform this test, the patient lies in the supine 
position, and the relative lengths of the inferior aspects of both medial malleoli are examined. In 
the supine position, the finding of a shorter leg suggests a posteriorly rotated innominate on that 
side; however such a finding is not confirmatory.62 To confirm this suspicion, the examiner holds 
the medial malleoli with the thumbs, and the patient is instructed to come to a long-sitting 
position. Any apparent lengthening of the short leg confirms what was perceived as a posteriorly 
rotated innominate on that side.42,62 The examiner judged that the patient’s right leg appeared to 
be short in supine but that the legs were symmetrical in the long-sitting position. Thus the 
examiner judged the test to be positive on the right side, with the suspicion that the patient had a 
posteriorly rotated innominate on that side. The examiner next performed the prone knee flexion 
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test, which is another movement test that has traditionally been used to detect the side of an 
innominate rotation. To perform this test, the patient lies in the prone position with the shoes on, 
feet hanging off the plinth, and with the cervical spine at the midline. The examiner compares the 
difference in leg length by visually examining the difference in length of the left and right soles 
of the patient’s shoes. A finding of one leg shorter than the other suggests that the innominate on 
the side of the shorter leg is in a position of posterior rotation relative to the opposite innominate; 
however such a finding is not confirmatory.62 To confirm this suspicion, the examiner is 
supposed to passively flex the patient’s knees to 90° and observe any change in the relationship 
of the heel positions. With passive knee flexion, an apparent increase in the leg length of the 
shorter leg such that it becomes equal to or longer than the longer leg is believed to indicate a 
posteriorly rotated innominate on that side. If this leg remains apparently shorter or becomes 
even shorter in relationship to the other leg, it is believed that this side is in a position of anterior 
rotation compared to the opposite innominate.62 The examiner judged that the patient’s left leg 
went from being short in the prone position with the knees extended to being longer than the 
right leg when the knees were flexed to 90°, suggesting a posteriorly rotated innominate on the 
left side according to the traditional approach. The apparent high PSIS and IC in conjunction 
with a low ASIS on the right in static standing suggests the presence of an anteriorly rotated 
innominate on the right. The results of the supine long-sitting test would suggest the presence of 
a posteriorly rotated innominate on the right, while the results of the prone knee flexion test 
suggests a posteriorly rotated innominate on the left. Clinicians who routinely use these tests to 
guide decision-making in the selection of an intervention such as mobilization/manipulation 
could reconcile the findings of the static position of the bony landmarks and the prone knee 
flexion test in that the presence of a posteriorly rotated innominate on one side could also be 
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judged as an anteriorly rotated innominate on the opposite side based on the relative position of 
the innominate bones.67 However, the finding of a posteriorly rotated innominate on the right 
with the supine long-sitting test does not make intuitive sense in light of the results from the 
other tests. Some clinicians would suggest that a consistent finding of asymmetry using these 
tests, independent of contradictory results with respect to the side of dysfunction, may alone be 
sufficient to cause a clinician to consider manipulation as a potential treatment option.62 
However, given the lack of reliability and validity for these tests, it is difficult to substantiate this 
notion. Clinicians who frequently use these tests will attest to the notion that contradictory 
findings are commonplace when using these to tests to guide decision-making. 
2.4 Spinal Manipulation and Low Back Pain 
2.4.1 Spinal Manipulation Defined 
The Guide to Physical Therapist Practice (The Guide)68 identifies mobilization/manipulation as 
an intervention appropriate for the care of patients with spinal disorders. The Guide68 defines 
mobilization/manipulation as a “manual therapy technique comprising a continuum of skilled 
passive movements to the joints and/or related soft tissues that are applied at varying speeds and 
amplitudes, including a small-amplitude/high-velocity therapeutic movement.” Clinicians 
generally distinguish manipulation from mobilization by referring to manipulation as those 
techniques that involve a high-velocity low-amplitude thrust beyond the restricted range, 
whereas mobilization techniques are performed as relatively low-velocity, passive movements of 
a joint within or at the end-range of a joint’s available motion.69,70 Despite the shortcomings in 
the traditional approach to examine the lumbopelvic region, clinicians and researchers have 
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suggested that manipulation is one intervention that seems to be effective in patients with 
suspected dysfunction in the lumbopelvic region.4,5,62,71-73 
2.4.2 Conflicting Evidence for Spinal Manipulation in Patients with Acute Low Back Pain 
2.4.2.1 Evidence from Individual Clinical Trials 
Although attempts to identify effective interventions for patients with LBP have been largely 
unsuccessful,18,19 spinal manipulation is an intervention frequently used by therapists in the 
treatment of individuals with LBP for which there is at least some evidence to support its use. 
Many clinical trials have demonstrated at least some evidence for its use compared to other 
interventions.1-5,7,72-102 Some studies found that patients who received spinal manipulation 
experienced similar outcomes related to function and disability but achieved improved 
satisfaction.96,101 Although the number of studies is limited, manipulation also seems to be more 
effective than mobilization in the management of patients with LBP.80 In contrast, many other 
trials have found little additional therapeutic benefit compared to other interventions.6,8-11,103-116 
2.4.2.2 Evidence from Systematic Reviews of the Literature 
Understandably, the conflicting findings from these trials have led to different conclusions in 
systematic reviews regarding the effectiveness of spinal manipulation. Some reviews suggest that 
spinal manipulation is helpful,69,70,117-126 while others suggest the evidence is inconclusive 
because of low quality studies.127-134 Still other reviews conclude that spinal manipulation is not 
helpful compared to other active interventions.135-139 
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2.4.2.3 Support in National Clinical Practice Guidelines 
National clinical practice guidelines are based on summaries of evidence from clinical trials and 
systematic reviews. Therefore, it makes intuitive sense that enthusiasm for recommending spinal 
manipulation, if it is recommended at all, depends on the country.140,141 Clinical practice 
guidelines in the United States,21,142 New Zealand,143 Denmark,144 and Finland145 recommend 
that manipulation be routinely used for patients with acute LBP (i.e. 4-6 weeks after symptom 
onset). Guidelines in the United Kingdom146 and Sweden recommend it only for patients who 
need additional pain relief or those failing to return to normal activities.147 Still other countries 
such as Switzerland148 and Germany149 conclude manipulation is an option, but not preferable to 
other treatment strategies. In contrast, guidelines in the Netherlands150 and Australia151 do not 
recommend manipulation for patients with acute LBP, and guidelines in Israel152 concluded the 
evidence is inconclusive. 
2.4.3 Conflicting Evidence for Spinal Manipulation in Patients with Chronic Low Back 
Pain 
The evidence for the effectiveness of spinal manipulation for patients with chronic LBP is also 
unclear. Although individual RCTs7,95 and a systematic review126 have found some evidence for 
patients with chronic LBP, a recent systematic review137 found that spinal manipulation was not 
effective for these patients. However, results from a recent RCT102 not included in this review 
found that patients who received manual therapy demonstrated significant improvements in pain, 
range of motion, functional disability, general health status, and rates of return to work compared 
to patients who received exercise therapy. Importantly, these differences persisted at both a 6-
month and one-year follow-up. Two months after treatment, 67% of patients in the manual 
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therapy group had returned to work versus only 27% in the exercise therapy group (p<.01).102 
While clinical practice guidelines in the Netherlands150 and Denmark144 recommend 
manipulation for patients with chronic LBP, most other countries do not.21,142,143,145-149,151,152 
2.4.4 Longer-term Effectiveness for Spinal Manipulation in Patients with Low Back Pain 
Unfortunately, an increasing number of clinical trials74,76,88,94,96,100,102,106,111-113,116 and systematic 
reviews126 are also beginning to report conflicting data regarding the longer-term effectiveness 
(i.e. at least 6 months) of spinal manipulation. Several trials88,94,96,100,102 and one systematic 
review126 demonstrate that the beneficial effects of manipulation are maintained at a longer-term 
follow-up period (perhaps even as long as three years94). However, other studies suggest that any 
short-term effect, if present, tends to wash out over time.74,76,106,111-113,116 
2.5 Rationale for Conflicting Evidence for Spinal Manipulation 
2.5.1 Classification of Low Back Pain 
The apparently conflicting results in the clinical trials related to manipulation may be partly 
attributable to researchers admitting all patients with LBP into these studies, rather than selecting 
only those patients most likely to benefit from this intervention. Because of the inability to 
identify subgroups of patients with LBP based on pathoanatomical mechanisms,23,24 attempts 
have been made to classify patients based on findings from the history and physical 
examination.10,153-158 Identifying classification methods for patients with LBP has been 
recognized as an important priority both within159 and outside the profession of Physical 
Therapy.160,161 The Forum for Primary Care Research on Low Back Pain named the 
identification of subgroups of patients with LBP as the number one research priority in 1997.160 
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Developing effective classification rules that match patients to interventions is clearly an 
important priority for researchers studying patients with LBP and should improve decision-
making and outcomes from physical therapy intervention by matching interventions to the 
patients most likely to benefit from them.162,163 Classification methods will also enhance the 
power of clinical research by permitting researchers to study more homogenous groups of 
patients.162,163 
2.5.2 Example of the Consequences of Ignoring Classification 
The results of a systematic review regarding the effectiveness of spinal manipulation highlights 
the consequences of failing to adequately address the classification priority.138 The authors 
conclude spinal manipulation is not effective compared to other interventions.138 However, this 
definitive conclusion is a dramatic departure from their own previous reviews suggesting a 
benefit,69,69,119,122,124,124,129 and they only give scant attention to whether a subgroup exists. Most 
disturbing, the authors attempt to immortalize the negative results by questioning the need for 
future clinical trials. By doing so, they ignore their own previous recommendations that future 
research is necessary to identify relevant subgroups.69,124 Although the authors acknowledge a 
subgroup who may benefit from this intervention is “conceivable”, the preponderance of the 
discussion suggests otherwise. This definitive position seems unwarranted when no direct effort 
was made in their review to consider this possibility. Rather than negating the need for future 
research, the results of this study beg for future studies to match individual patients to 
interventions with a high probability of success. Although hypothetical, if the studies in this 
review were more selective in their inclusion criteria, a positive effect would have more likely 
been detected. 
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2.6 Spinal Manipulation an Underutilized Intervention 
Despite growing evidence for its use compared to other interventions, less than half of physicians 
believe manipulation is effective for patients with acute or chronic LBP.164 Spinal manipulation 
is also underutilized by therapists when compared to the utilization rates of interventions that 
have little to no evidence to support their use.165-167 For example, Jette and Jette165 reported 
mobilization/manipulation was utilized in 35% of over 1000 patients with LBP treated by 
therapists. This figure does not differentiate between the use of manipulation versus 
mobilization, so it seems reasonable to suspect that manipulation was likely utilized in a much 
smaller percentage of this group of patients with LBP. On the other hand, therapists reported 
using other interventions with little to no evidence for their use at much higher rates, including 
heat/cold modalities (86%) and flexibility exercises (81%).165 Surveys conducted among 
therapists outside the United States confirm the notion that manipulation seems to be 
underutilized among therapists worldwide.166,167 
 
Li and Bombardier166 recently surveyed 569 therapists in Canada regarding their treatment 
beliefs and recommendations for patients with LBP. Overall, 30% of the therapists surveyed 
reported that they believed spinal manipulation to be an effective treatment in the management of 
most patients with LBP. However, the percentage of respondents expressing a belief in the 
effectiveness of several non-evidence-based interventions was much higher, including ice (82%), 
spinal mobilization (80%), heat (66%), electrical stimulation (53%), and mechanical traction 
(36%).166 In a study of 1062 patients treated for LBP in Ireland, Gracey et al167 reported 
utilization of spinal manipulation in 9% of patients, compared with mobilization (44%), 
electrotherapy (30%), heat (19%), and traction (15%). 
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 Unfortunately, despite widespread endorsement of spinal manipulation in several national 
clinical practice guidelines,21,142-145 a recent study168 reports that manipulation still is only used in 
approximately 3% of patients with LBP. The reluctance among some therapists to incorporate 
these skills as a routine component of their clinical practice is illustrated by the following quote: 
“Over the past 10 years, for example, we have seen some very compelling evidence supporting 
manipulation for patients with acute LBP, yet manipulation is used by therapists in typical 
outpatient settings at a lower-than-expected rate. What seems to be incontrovertible is the fact 
that evidence exists to support the use of certain treatment procedures for patients with LBP and, 
like other health care professionals, therapists' behavior, in many instances, does not comply 
with such guidelines.”169 There seem to be two primary reasons for the reluctance of some 
therapists to incorporate manipulation into their clinical practice. 
2.6.1 Risks of Spinal Manipulation 
Perhaps the number one reason therapists utilize manipulation at lower than expected rates based 
on the evidence for its use is related to concern regarding the potential risks.170 In one survey of 
physical therapists in Canada who utilize spinal manipulation in their clinical practice, 88% of 
respondents strongly agreed that all available screening tests listed in the survey should be 
performed prior to spinal manipulation,171 suggesting that therapists are concerned about the 
risks. Although little research has been conducted to quantify the risks associated with lumbar 
spine manipulation, manipulation of the lumbar spine is believed to be a very low risk procedure 
when performed by trained personnel,172 and the risk of a serious adverse event appears to be 
rare.125 Although the precise occurrence rate of serious complications of manipulation to the low 
back is unknown, the most serious complication reported in the literature is cauda equina 
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syndrome, which has only been reported in a very few number of cases.173 In a review of the 
literature from 1911-1989, Haldeman et al173 found ten reported cases of cauda equina syndrome 
after manipulation of the lumbar spine over a 77-year period of published literature. In an 
attempt to improve the precision of this estimate, investigators124,174 have estimated the incidence 
of cauda equina syndrome to be on the order of less that one per 100 million manipulations. It is 
believed that the risk of cauda equina syndrome may be the greatest when manipulation is 
performed in the presence of sciatica or under the influence of anesthesia.124 
2.6.1.1 Less Serious Side Effects Associated with Spinal Manipulation 
Senstad et al175 studied the characteristics of less serious but “unpleasant” side effects of 4712 
manipulative treatments across all body regions in 1058 patients treated by chiropractors in 
Norway. Importantly, there were no adverse events reported as serious or life-threatening in this 
study, but 55% of the patients interviewed reported at least one side effect from treatment. The 
most common side effects included local discomfort (53%), local headache (12%), fatigue 
(11%), or radiating discomfort (10%). Patients characterized 85% of these complaints as “mild” 
or “moderate”, with 64% of side effects appearing within four hours after manipulation. Within 
24 hours after manipulation, 74% of the complaints had resolved. Less than 5% of side effects 
were characterized by dizziness, nausea, hot skin, or "other" complaints. Side effects were rarely 
still noted on the day after manipulation, and very few patients reported the side effects as being 
severe. Perhaps most importantly, patients rarely reported that the side effects resulted in a 
reduction in their activities of daily living. Leboeuf-Yde et al176 reported on 1858 spinal 
manipulations performed on 625 patients by chiropractors in Sweden. In this study, 44% of 
patients reported experiencing local discomfort, headache or fatigue at least once, and in 19% of 
these cases these symptoms persisted for greater than 48 hours. No serious complications were 
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reported.176 Neither of these studies distinguished manipulations performed on the lumbar spine 
from those performed on other regions of the spine. 
2.6.1.2 Risks of Spinal Manipulation Compared to Non-steroidal Anti-inflammatory 
Medication 
To place the risk of lumbar spine manipulation in perspective, it is useful to consider the 
potential side effects of one of the most common treatments for acute LBP, non-steroidal anti-
inflammatory medication (NSAID). Thirty percent of patients experience at least one side effect 
from NSAID use, with this risk further increasing with prolonged use, defined as greater than 
four weeks.177 One to three percent of patients who take a NSAID are believed to experience 
gastrointestinal (GI) bleeding secondary to NSAID use.178 The risk of serious GI complications 
from taking a NSAID is 3.2 per thousand in individuals over the age of 65 and one per thousand 
individuals when considering all ages.179 Perhaps most alarming, Tamblyn et al180 reports that 
approximately 7,600 deaths and 76,000 hospitalizations may be attributable to NSAID use each 
year in the United States. Based on the nature of the risk of NSAID use, the risk of manipulation 
appears to be quite low and well within reason given its demonstrated efficacy. 
2.6.2 Spinal Manipulation an “Advanced” Skill? 
The second reason some clinicians may be reluctant to consider spinal manipulation for patients 
with LBP is based on the impression that it is an advanced skill that requires a high level of skill 
and practice. Empirically, a therapist’s skill level is believed to be related to clinical outcome. A 
recent survey of licensed physical therapists demonstrated that, on average, therapists perceive 
spinal manipulation as an advanced skill to be acquired through post-professional, as opposed to 
entry-level education.181 Therapists also perceive that incorrect performance of these 
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interventions will cause “severe psychological or physical harm”.181 Similar data exists regarding 
the views toward manipulation of the extremity joints.181 However, there is little data to support 
these somewhat alarmist views. Studies182-184 have shown that with practice of a task, newly 
trained practitioners are able to apply similar levels of force compared to skilled practitioners. 
Increased practice has also been shown to improve performance regardless of experience,184 
reinforcing the notion that spinal manipulation is a motor skill that simply requires repetition. 
Future work from this study will specifically examine the relationship between experience and 
treatment outcome. 
 
Additionally, many theoretical approaches to identify patients likely to benefit from spinal 
manipulation have been proposed;156,185-191 however, there is little to no evidence to support any 
single approach. These approaches frequently incorporate complex diagnostic schemes based on 
pathoanatomical and biomechanical theories that utilize various examination procedures to 
identify a pathological motion segment, or a biomechanical dysfunction towards which a 
manipulative intervention is then directed. However, research has shown that relevant 
pathoanatomical mechanisms can only be identified in a small percentage of patients with 
LBP,23,24 and many of the tests proposed to identify biomechanical dysfunction are of 
questionable reliability,32-34 and validity.27-30 negating any face validity they seem to possess. In 
fact, it has been suggested that clinicians entirely abandon the notion of detecting spinal position 
in light of the overwhelming evidence that these methods are largely unreliable and not valid.36,37 
Many of the more commonly used diagnostic schemes seem to require a large degree of “mental 
gymnastics” but offer little benefit to the patient with LBP who would otherwise benefit from a 
clinician with the attitude to “move it and move on”.192 Recent evidence193 also questions the 
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value of specific motion testing for decision-making regarding the use of manipulation in 
patients with neck pain.  
 
Continuing education courses that teach these approaches may incorporate a large number of 
techniques and perhaps only complicate the situation. Clinicians may be falsely led to believe 
they need to become familiar with many techniques before they can be considered proficient 
using any single one. They may be left with the notion that there are an infinite number of 
biomechanical patterns, each of which suggests a unique manipulative intervention should be 
used. Although a complex diagnostic and treatment classification scheme may validate our need 
to demonstrate a high level of intellectual and diagnostic prowess, there is little evidence to 
suggest that any of these schemes lead to greater improvements in outcome than the use of more 
general manipulative interventions that can be used in a wide spectrum of patients by the entry-
level therapist. This is not to suggest that decision-making in the use of spinal manipulation 
should be haphazard or random, or that therapists can be cavalier in their approach; however, 
examination findings and models of decision-making must be considered only in the context for 
which there is evidence to support their use. Advanced training through professional continuing 
education and residency/fellowship training clearly has some value for clinicians who desire to 
become increasingly proficient with a variety of manual interventions. Such training may 
improve a clinician’s diagnostic, decision-making, and intervention skills to manage a wider and 
more complicated spectrum of patients with spinal dysfunction. However, the unintended 
consequence of a dogmatic, non evidence-based approach that incorporates an overwhelming 
number of manipulative interventions is that rather than encouraging the use of spinal 
manipulation, many clinicians may never apply these skills in their clinical practice. Results 
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from clinical trials4,5 and findings from a study to identify the characteristics of patients likely to 
benefit from a spinal manipulation12 suggests that many patients with LBP may benefit from a 
single manipulative intervention. 
2.7 An Alternative Approach in the Management of LBP 
Based on the important research priority of developing meaningful classification systems for 
patients with LBP, identifying the relevant subgroup of patients with LBP likely to benefit from 
spinal manipulation is one step that can help to minimize such conflicting results from occurring 
in research that assesses the efficacy of manipulation in patients with LBP. It appears that an 
accurate identification of patients with LBP with suspected dysfunction in the lumbopelvic 
region is essential in selecting a proper and effective treatment, thus many clinicians who treat 
LBP regularly assess this region for dysfunction. However, the lack of evidence for the current 
approach to identify this subgroup of patients may in fact make it impossible to even identify 
who these patients are using the pathoanatomical approach. However, clinicians are still 
confronted with the evidence that manipulation seems to be an effective intervention in some 
patients with LBP. The futility of the traditional approach in combination with evidence that 
suggests that spinal manipulation is effective requires clinicians and researchers seek an 
alternative methodologic paradigm to identify this subgroup of patients. 
2.7.1 Limitations of the Randomized Clinical Trial 
The RCT is the highest level of evidence to elucidate an intervention’s effect.163 Based on many 
rigorous characteristics of the RCT that are beyond the scope of this discussion, the RCT is 
subject to the least amount of bias, thus clinicians can have a high degree of confidence that the 
demonstrated treatment effect may be attributed to the intervention rather than some other known 
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or unknown factor. For example, several national clinical practice guidelines21,142-145 recommend 
spinal manipulation for patients with non-radicular acute LBP based on reviews of RCT 
evidence for this intervention. 
 
Despite the high level of evidence for RCTs, they are conducted on groups of patients who are 
randomly assigned to a treatment arm, thus the results are ideally suited to assist decision-
making for groups of patients.194 In other words, when examining large groups of patients 
undergoing treatment for LBP, spinal manipulation should be observed to be in frequent use by 
clinicians who use evidence from the literature to guide decision-making. However, clinicians 
obviously do not treat groups of patients, thus clinical practice guidelines are ineffective in 
helping clinicians determine if the individual patient sitting in front of them might benefit from a 
this intervention. 
 
For example, suppose a clinician wants to conduct a RCT comparing the effect of spinal 
manipulation and exercise versus exercise alone to improve pain and function in patients with 
LBP. To examine the hypothesis that patients who receive spinal manipulation will experience 
greater improvements than patients who receive only exercise, the researcher might design a 
RCT in which patients are randomly assigned to one of these two groups. Classic inferential 
statistical procedures such as t-tests and the analysis of variance would be used to compare the 
groups on the outcomes of interest. Suppose the results demonstrate that patients who receive 
spinal manipulation improve an average of 30 points after four weeks, versus a 10-point 
improvement for patients who receive only the stabilization exercise intervention. Because the 
results can only be generalized to how groups of patients will respond on average and not useful 
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to estimate an individual patient’s prognosis, clinicians are unable to counsel their next patient 
that he or she can expect to improve 30 points if the same intervention is provided. This 
limitation of the RCT makes intuitive sense when the methodology behind classic hypothesis 
testing is examined. In its most simple form, the means of the outcome variables between the 
groups are compared. Means summarize the average effect of the intervention, thus do not 
describe how an individual response contributes to the overall mean, unless of course every 
patient in the sample responded in a similar fashion. In other words, unless patients are similar to 
the average patient in the sample, there is no way to specifically counsel them as to their chance 
of improvement given exposure to the intervention being studied. The mean response has even 
less value in situations where the variability in responses to a particular intervention is quite 
disparate. Therefore, when counseling patients on the effectiveness of interventions based on 
RCT evidence, clinicians can only use phrases such as, “on average.” This is not to suggest that 
RCTs are not useful. In fact, quite the opposite is true. However, the RCT is not the final answer 
as to whether a particular intervention may be beneficial for an individual patient sitting in the 
waiting room. It seems reasonable to suspect that the inability to identify individual patients who 
might benefit from spinal manipulation has contributed to its persistent underutilization,165-167,170 
despite widespread endorsement for its use.21,21,142,143,143-146 
2.7.2 Clinical Prediction Rules 
2.7.2.1 Examples of Clinical Prediction Rules in the Literature 
Clinical prediction rules (CPR) are tools designed to assist in the classification process and 
improve decision-making for clinicians caring for individual patients.195,196 Historically, CPRs 
have been developed to improve the accuracy in making a diagnosis and establishing a patient’s 
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prognosis.195,196 For example, for musculoskeletal disorders, CPRs have been developed to 
improve the accuracy of diagnosing ankle fractures (i.e. “the Ottawa ankle rules”)197 and knee 
fractures (i.e. “the Ottawa knee rules”)198 in individuals with acute injuries. CPRs have also been 
developed to determine when to order CT in patients who have experienced minor head 
injuries199,200 and radiographs in patients who have experienced neck trauma.201 CPRs have also 
been developed to more accurately diagnose strep throat,202 coronary artery disease,203 and 
pulmonary embolism,204 for example. To establish prognosis, researchers have developed CPRs 
to determine when to discontinue resuscitative efforts after cardiac arrest in the hospital,205 
determine the likelihood of death within four years for individuals with coronary artery 
disease,205 identify children at risk for developing urinary tract infections,206 and identify the 
characteristics of patients likely to develop post-operative nausea and vomiting after 
anesthesia.207 A CPR has recently been developed to establish the prognosis of patients who have 
experienced a rear-end motor vehicle accident.208 Although CPRs can be developed to improve 
the accuracy of making a certain diagnosis or establish patient prognosis, this discussion will 
focus on the development of a CPR to predict patients likely to benefit from a specific 
intervention based on the outcome from treatment. However, the methodology is similar for both 
purposes. 
2.7.2.2 The First Step: Creating the Clinical Prediction Rule 
The first step in the development of a CPR involves creating the rule. This requires the 
researcher to examine the ability of multiple factors from the history and physical examination to 
predict an outcome of interest. The outcome of interest serves as the reference criterion or “gold 
standard” by which a successful outcome will be judged. The selection of an appropriate and 
clinically meaningful reference criterion is pivotal to the usefulness of the CPR that is eventually 
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developed. All possible factors that are believed to be related to the outcome of interest should 
be included as potential predictors. These predictors may be selected based in the researcher’s 
clinical experience and/or previous research that have demonstrated a particular factor or set of 
factors to be related to the outcome of interest. While it may seem beneficial to simply include 
every possible factor from the history and physical examination, the researcher must weigh the 
benefits of including a complete set of potential predictor variables against the increase in sample 
size required for each additional variable that is added as a potential predictor. Once the set of 
predictor variables is established, subjects are exposed to the treatment of interest and then 
judged to be either a success or non-success against the reference criterion based on a pre-
determined clinically relevant cut-off score. Although other techniques may be used, logistic 
regression is a commonly used statistical approach that can then be used to determine the most 
powerful set of predictor variables to maximize accuracy.195 The details of how to conduct 
logistic regression are beyond the scope of this discussion, but the reader is referred to 
Kleinbaum et al209 for a more detailed discussion of this topic. Classic hypothesis testing 
involves the comparison of group means using traditional statistical procedures such as the 
analysis of variance. In contrast, the development of CPRs utilizes diagnostic properties of 
sensitivity, specificity, and positive and negative likelihood ratios, which are based on the 
individual patient. Thus their interpretation can be readily applied to an individual. 
2.7.3 The Need for Clinical Prediction Rules in the Management of Low Back Pain 
A CPR could also be developed to improve the accuracy of the classification of patients with 
LBP. The classification process is used to identify patients with particular characteristics who 
will likely benefit from a specific type of treatment. Clinicians who frequently use spinal 
manipulation will attest to the notion that some patients experience relatively dramatic 
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improvements after only one to two treatments. Given the precarious evidence for the traditional 
approach to identify patients with dysfunction in the lumbopelvic region, it seems that a more 
successful approach might be to develop a CPR to identify patients likely to achieve a relatively 
dramatic improvement in only a short period of time using an intervention like spinal 
manipulation, which at least some evidence for its use. A few RCTs have found manipulation to 
be more beneficial for a subgroup of patients with more acute symptoms,80,84 or more limited 
straight leg raise range of motion.83 In the previous studies that suggested manipulation to be an 
effective intervention for some patients with LBP,4,5 the criteria for classifying patients as 
manipulation candidates was based strictly on clinical experience and relied heavily on the 
results of diagnostic tests for dysfunction in the lumbopelvic region, which, as previously 
discussed, are not useful for decision-making because of their inherently poor reliability and 
validity. However, none of these studies examined the addition of other important variables from 
the history and physical examination that would maximize the prediction of success with 
manipulation prior to the intervention. In a systematic review of the literature, Di Fabio123 
suggested a preliminary "profile" of common characteristics among patients who seem to benefit 
from spinal manipulation, which consisted of the following factors: 1) acute symptom onset with 
less than a 1-month duration of symptoms, 2) central or paravertebral pain distribution, 3) no 
previous exposure to spinal manipulation, and 4) no pending litigation or workers' compensation. 
Although spinal manipulation appears to be effective for some patients, little systematic efforts 
have been undertaken to identify the characteristics of patients with LBP likely to likely benefit 
from this intervention. 
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2.7.4 The Development of a Spinal Manipulation Clinical Prediction Rule 
A CPR to accurately predict which patients will most likely benefit from spinal manipulation 
would be immensely helpful for decision-making. Despite the prevalence of LBP and the 
inherent difficulties in selecting effective interventions, little work has been done to establish 
such a rule. Flynn et al12 attempted to determine criteria from the history and physical 
examination in patients with LBP that would predict patients likely to likely benefit from spinal 
manipulation. The results of this study, which were recently published in Spine,12 accomplished 
the first step in the development of a CPR by creating the CPR. Details of how the study was 
conducted are outlined below. 
2.7.4.1 Inclusion/Exclusion Criteria 
All patients between 18 and 60 years of age with non-radicular LBP who agreed to participate in 
the study received a standardized examination of their spine. Patients had to have at least 30% 
disability on the modified ODQ210 to be admitted. 
 
Patients who were pregnant, exhibited signs consistent with nerve root compression (i.e. positive 
straight leg raise at less than 450, diminished lower extremity strength, sensation, or reflexes, 
etc.), history of prior lumbar spine surgery, or a history of osteoporosis or spinal fracture were 
excluded from the study. 
2.7.4.2 Self-report Measures 
Patients admitted to the study completed a series of self-report measures during a baseline 
examination that included demographic information, an 11-point numeric pain rating scale,211 
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and a pain diagram212 to determine the most distal extent of their symptoms.213 Patients also 
completed the ODQ and the Fear-Avoidance Beliefs Questionnaire (FABQ).214 The ODQ is a 
self-report measure of function commonly used in patients with LBP.215-219 The questionnaire 
consists of ten items addressing different aspects of function, each scored from 0-5 with higher 
values representing greater disability. The ODQ used in this study was the modified version, 
which replaced the section on sex life with one regarding employment/home-making. Previous 
research has found the modified version to have high levels of reliability, validity and 
responsiveness.210 The FABQ is made up of two subscales and is used to assess the extent to 
which patients believe physical activity (Physical Activity Subscale) and work (Work Subscale) 
influences their LBP. 
2.7.4.3 History and Physical Examination 
After completing the questionnaires, the examiner conducted a standardized history and physical 
examination. Patients were asked about the mechanism of injury, nature of current symptoms, 
and prior episodes of LBP. A neurologic screening examination was conducted to rule out any 
evidence of nerve root compression or radiculopathy, which is generally viewed to be a 
contraindication for manipulation,21 and was an exclusion criteria in this study. Testing included 
sensory testing, motor testing, muscle stretch reflex testing, and tension signs such as the straight 
leg raise and prone knee flexion tests. The examination also included Waddell’s nonorganic 
signs.220 Range of motion and status change in symptoms with single, cardinal-plane lumbar 
movements was recorded.156 Supine straight leg raise and hip internal and external range of 
motion were measured. Segmental mobility testing of the lumbar spine was conducted to assess 
pain provocation and segmental mobility.186,221 Each segment was judged to be normal, 
hypomobile, or hypermobile. Importantly, many of the traditional diagnostic tests purported to 
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identify dysfunction in the lumbopelvic region were also performed. These included tests 
designed to assess the symmetry of bony landmarks in the static position (static symmetry tests), 
tests to assess the symmetry of bony landmarks with movement (movement symmetry tests), and 
tests to reproduce symptoms (provocation tests). The operational definition used for each of 
these tests and the criteria to judge a positive test are included in Appendix A. 
2.7.4.4 Manipulative Intervention 
Once the examination was complete, all patients received a general manipulative intervention 
purported to affect the lumbopelvic region. Regardless of the clinical examination findings, all 
patients received the same intervention. To perform the manipulation, the patient is placed in the 
supine position, and the clinician stands on the side opposite of that to be manipulated. The 
following decision rule was used to determine the side to be manipulated: 1) the side of the 
positive standing flexion test; 2) if this test was negative, the side of tenderness during sacral 
sulcus palpation was selected; 3) if neither side was tender, the more symptomatic side base on 
the patient’s self-report was selected; and 4) if none of these criteria were satisfied, the clinician 
flipped a coin to determine the side to be manipulated.12 Although the manipulative intervention 
is directed towards one side of the pelvis, Cibulka et al222 found changes in innominate tilt on 
both sides of the pelvis after the performance of this manipulation on one side. Therefore, it is 
likely that the manipulation impacts both sides of the lumbopelvic region. The patient is 
passively moved into side-bending towards the side to be manipulated. The patient interlocks the 
fingers behind his or her head. The clinician passively rotates the patient, and then delivers a 
quick thrust to the anterior superior iliac spine in a posterior and inferior direction. The clinician 
noted whether a cavitation was heard and felt. Based on the presence of a cavitation, no further 
manipulation was provided. If no cavitation was produced, the procedure was to reposition the 
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patient and then attempt the manipulation again.12 If no cavitation was experienced, the clinician 
attempted to manipulate the opposite side. A maximum of two attempts per side was permitted. 
If no cavitation was produced after the fourth attempt, the clinician proceeded to instruct the 
patient in a range of motion exercise. A video clip of the manipulative intervention can be 
viewed by clicking on video clip (Figure 1). 
 
Figure 1. Specific manipulative intervention used in the development of the spinal manipulation 
CPR. 
(Return to p. 87) 
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Following the manipulative intervention, the patient was instructed in a supine pelvic tilt 
exercise. The patient performed a set of 10 repetitions in the clinic and was instructed to perform 
10 repetitions of the exercise 3-4 times daily. Finally, the patient was instructed to maintain usual 
activity level within the limits of pain. Advice to maintain usual activity has been found to assist 
in recovery from LBP.21,223 The patient was instructed to do all activities that did not increase 
symptoms and to avoid activities which aggravated symptoms. 
2.7.4.5 Determination of Successful Outcome 
The next step was to classify patients according to the reference criterion. Reid et al224 suggest 
that an appropriate reference criterion is one that represents the condition in which the diagnostic 
test is attempting to identify. The purpose of this study12 was to “diagnose” patients with LBP 
likely to benefit from spinal manipulation using relevant factors from the history and physical 
examination. Therefore, outcome from manipulation was used as the reference criterion to 
identify patients who succeeded. Using a clinically relevant reference criterion such as treatment 
outcome is a dramatic improvement over the limitations imposed by previous studies that used 
short-term pain relief after lumbopelvic region injection25,44,60,61,63-65 and the presence or absence 
of LBP62 as the reference criterion. 
 
Previous research has shown an average ODQ score of approximately 40% for new patients 
referred to physical therapy, with a standard deviation of about 10%.216,225 Because change in 
disability was used as the reference standard,12 patients were required to have a minimum 
baseline score of 30% on the ODQ. This minimum baseline level of disability insured the 
inclusion of a spectrum of patients, yet prevented a floor effect from occurring due to low 
baseline disability scores. Additionally, the minimum clinically important difference (MCID) for 
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the ODQ has been shown to be 6 points.210 A threshold of 30% on the ODQ at baseline using 
50% improvement as the reference standard to judge success helps clinicians to distinguish 
patients who are responding to the manipulative intervention versus improvements solely 
attributable to the favorable natural history of LBP.219 At a minimum threshold of 30%, a 50% 
improvement corresponds to a 15-point improvement in disability. This magnitude of change 
represents 2.5 times the MCID for the ODQ, increasing the clinician’s confidence that the 
improvement can be attributed to the manipulative intervention rather than a favorable natural 
history. Higher baseline levels of disability result in even greater magnitudes of improvement 
when using 50% improvement as the reference standard. 
 
Based on the response to spinal manipulation as the reference criterion, patients were judged at 
the second visit 2-4 days later as to whether they experienced a successful outcome. The purpose 
of the CPR is to identify patients who experience important clinical changes in disability in a 
relatively short period of time, changes beyond that likely attributable to the favorable natural 
history of LBP. These are the patients clinicians surely do not want to miss when considering the 
use of spinal manipulation. Because of the desire to protect against the argument that 
improvement in outcome could merely be associated with the favorable natural history of LBP, a 
relatively high threshold was established to differentiate those patients judged to be a success and 
those patients judged to be a non-success. Previous research4,5,225 that utilized the same 
manipulative intervention has demonstrated that a 50% improvement in the ODQ is able to 
distinguish between patients responding to manipulation versus those simply benefiting from the 
favorable natural history of LBP. This reference criterion seems even more rigorous given that 
improvement in this previous research occurred across a 1-4 week period, whereas the 
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improvement in the study that developed the CPR was expected to occur in only a few days. 
Clinicians who routinely use the ODQ will also admit that a 50% reduction in the ODQ in this 
short period of time is a relatively dramatic improvement. 
 
Patients who improved at least 50% were then out of the study and judged to be a success. Those 
who did not achieve at least a 50% improvement were manipulated again and then re-checked at 
a third visit 2-4 days after the second visit. Patients were once again judged as to whether the 
manipulation was a success, based on the reference criterion of a 50% improvement in ODQ 
from the initial visit. Patients who did not achieve at least a 50% improvement in ODQ at this 
point were categorized as a non-success. 
2.7.4.6 Data Analysis 
A total of seventy-one patients completed the study. All of the variables included in the self-
report questionnaires and the history and physical examination were initially assessed in a 
univariate fashion with an α-level equal to 0.15 to determine their individual accuracy in 
predicting success. Multivariate logistic regression was then performed on all the variables 
demonstrated to be significant at the 0.15 level in a univariate fashion to determine the most 
parsimonious set of factors from the history and physical examination to identify patients who 
achieved at least a 50% improvement in the ODQ. 
2.7.4.7 Criteria in the Spinal Manipulation Clinical Prediction Rule 
The multivariate analysis resulted in a CPR that consisted of five criteria, each of which can be 
easily assessed in the clinic. The criteria and threshold for determining whether a patient is 
positive with respect to each criterion is listed in Table 1. 
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 Table 1. Criteria in the Spinal Manipulation CPR. 
Criterion Definition of positive 
1. Duration of current episode of LBP < 16 days 
2. Extent of distal symptoms Not having symptoms distal to the knee 
3. FABQW subscale score < 19 points 
4. Segmental mobility testing At least one hypomobile segment in the 
lumbar spine 
5. Hip internal rotation range of motion At least one hip with > 35° of internal 
rotation range of motion 
 
(Return to p. 68) 
The traditional diagnostic tests used to assess for dysfunction in the lumbopelvic region were 
uniformly either not sufficiently reliable and/or not related to outcome, which should cause 
clinicians to further question the utility of these tests for decision-making. Appendix B includes 
the data with respect to the percentage of diagnostic tests that were positive in each group, and 
the univariate significance level for each test. In essence, any clinical factor that could possibly 
be related to outcome from spinal manipulation was included in the examination to minimize the 
chance of excluding a potentially important variable that may be prognostic of the response to 
manipulation. 
2.7.4.8 Accuracy of the Spinal Manipulation Clinical Prediction Rule 
The accuracy of the CPR can be expressed using likelihood ratio (LR) statistics. The positive LR 
expresses the change in odds favoring the outcome when the patient meets the criteria in the 
CPR, while the negative LR expresses the change in odds favoring the outcome when the patient 
does not meet the rule’s criteria.226 An accurate CPR should therefore have a large positive LR or 
a small negative LR. According to Jaeschke et al227 accuracy can be considered moderate when 
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the positive LR is greater than 5.0 or the negative LR is less than .20. Accuracy is substantial 
when the positive LR is greater than 10.0 or the negative LR is less than .10.227 Because this 
study sought to identify patients who would likely benefit from spinal manipulation, the statistic 
of interest was the positive LR. 
 
Forty-five percent (32/71) of patients were classified as a success, regardless of patient’s status 
with respect to the CPR.12 In other words, if clinicians were to randomly manipulate patients 
with non-radicular LBP, they can expect to achieve at least a 50% improvement in the ODQ by 
the end of approximately one week 45% of the time. However, when considering a patient’s 
status with respect to the CPR, the positive LR was 24.4 for patients who met at least 4/5 criteria. 
To put this result in perspective, the probability of achieving a successful outcome increases 
from 45% to 95%. With three factors, the positive LR was 2.6, which translates into a 68% 
probability of success. Given the ease with which the CPR is applied and manipulative 
intervention can be performed, and in light in the extremely low risks,124,173,174,176 this is still 
likely a sufficient probability to justify an attempt at manipulation. With less than three criteria 
met, the probability of success is essentially no better than the probability of success if you were 
to randomly manipulate patients with non-radicular LBP. Thus the clinician may want to 
consider other interventions that have a higher probability of success. 
2.7.4.9 A Traditional Versus an Evidence-based Approach for Decision-making 
Two case reports were recently published that outline how to use the CPR to improve decision-
making to identify patients likely to benefit from spinal manipulation compared to the traditional 
approach using the classic diagnostic tests to assess dysfunction in the lumbopelvic region.66 The 
examination of each patient included a standardized history and physical examination similar to 
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those described in the initial study that developed the CPR12 to facilitate the determination of 
each patient’s status with respect to the CPR. 
2.7.4.9.1 Case Description – Patient #1 
2.7.4.9.1.1 History and Self-Report Measures 
The first patient was a 54 year-old male with a history of more than 10 episodes of LBP over the 
previous five years (Table 2). 
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Table 2. Key findings from the self-report measures and history. 
(Return to p. 59, 61, 61) 
Patient #1 
Right-sided 
low back pain 
Duration of 
Symptoms: 
Symptoms began gradually 1 week 
ago 
Prior History 
of Back Pain: 
Approximately 10 prior episodes of 
low back pain over the past 5 years 
Pain Rating: Current level of pain 5/10 
Oswestry 
Score: 42% 
 
Chief Complaint: 
FABQ – 
Work 
Subscale 
Score:  
8/42 
Patient #2 
Chief Right buttock pain, pain and Complaint: numbness in right anterior/ lateral thigh 
Duration of 
Symptoms: 
Symptoms began 3 years prior 
while running track in college 
Prior History 
of Back Pain: 
No previous history of low back 
pain 
Pain Rating: Current level of pain 4/10 
Oswestry 
Score: 26% 
 
FABQ – 
Work 
Subscale 
Score:  
Not assessed 
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Previous treatment included a heel lift, spinal manipulation, and lumbar spine stabilization 
exercises, to which he had previously responded positively. Based on his frequent history of LBP 
and positive response to lumbar stabilization exercises, he was suspected to have segmental 
instability.228 The most recent episode started gradually one week ago and had worsened over the 
last 2-3 days. He did not recall a specific mechanism of injury. His predominant symptom was 
right-sided LBP in the area of the lumbopelvic junction. The pain diagram and results of the self-
report measures are provided in Table 2. The ODQ score (42%) revealed moderate disability and 
the FABQ-work subscale score (8/42) showed a low level of fear-avoidance beliefs. 
2.7.4.9.1.2 Physical Examination 
The results of the physical examination are summarized in Table 3. 
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Table 3. Key physical examination findings. 
Examination Component Patient #1 Patient #2 
1. Neurologic Screening No strength, sensory or reflex 
changes 
No strength, sensory or 
reflex changes 
2. Lumbar Active range of motion 
and Status Change 
Flexion 
Extension 
Right Side-Bending 
Left Side-Bending 
 
850, status quo 
300, status quo 
250, status quo 
150, status quo 
 
780, status quo 
220, status quo 
250, status quo 
310, status quo 
3. Hip Rotation Passive range of 
motion 
Right Hip Internal Rotation 
Right Hip External Rotation 
Left Hip Internal Rotation 
Left Hip External Rotation 
 
450 
450 
350 
400 
 
180 
350 
250 
320 
4. Lumbar Segmental Mobility and 
Pain Provocation 
Hypomobility and pain 
provocation at L4 and L5 
Mobility judged to be 
normal at all levels, pain 
provocation at L5 
5. SI Symmetry Tests 
PSIS symmetry standing 
ASIS symmetry standing 
Iliac crest symmetry standing 
PSIS symmetry sitting 
Iliac crest symmetry sitting 
 
Right side judged to be higher 
Left side judged to be higher 
Right side judged to be higher 
Judged to be symmetrical 
Judged to be symmetrical 
 
Left side judged to be higher
Right side judged to be 
higher 
Judged to be symmetrical 
Right side judged to be 
higher 
Judged to be symmetrical 
6. SI Mobility Tests 
Standing Flexion Test 
Seated Flexion Test 
Gillet Test 
Supine Long-Sitting Test 
Prone Knee Flexion Test 
 
Positive on the right 
Positive on the right 
Positive on the right 
Positive 
Positive 
 
Positive on the right 
Positive on the right 
Positive on the right 
Negative 
Not Assessed 
 
(Return to p. 61, 62) 
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The results of the neurologic examination did not reveal any sensory, strength, or reflex deficits. 
There was no centralization or peripheralization noted during lumbar range of motion testing. 
Rotation range of motion of the left hip was somewhat limited compared to the right hip. During 
segmental mobility testing, the L4 and L5 segments were judged to be hypomobile and pain was 
also provoked. There were numerous positive findings for dysfunction in the lumbopelvic region, 
including the standing and seated flexion tests, the Gillet, supine long-sitting, and prone knee 
flexion tests (Table 3). 
2.7.4.9.2 Case Description – Patient #2 
2.7.4.9.2.1 History and Self-Report Measures 
The second patient was a 26 year-old male, with complaints of right-sided buttock pain and 
intermittent pain and numbness into the right anterior/lateral thigh (Table 2). These symptoms 
had begun approximately three years prior to the examination while the patient was a sprinter for 
his college track team. The onset was gradual, and the symptoms prevented him from running at 
the time of the examination. The ODQ score (26%) revealed a lower level of disability for this 
patient (Table 2). A baseline score of 26% does not strictly meet the minimum 30% level of 
disability used in the initial study that developed the CPR;12 however, a score of 26% is only .5 
standard deviations below this minimum.216,225 Additionally, based on our clinical experience, 
26% on the ODQ is still a sufficient level of disability to prevent a floor effect from occurring, 
despite falling below the 30% threshold. Most importantly, a 50% reduction in the ODQ score 
for a patient with a baseline score of 26% still represents a clinically important improvement in 
disability.210 The FABQ was not assessed on this patient. 
2.7.4.9.2.2 Physical Examination 
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The results of the physical examination are summarized in Table 3. Similar to the first patient, 
the results of the neurologic examination were negative and there was no peripheralization or 
centralization noted during lumbar range of motion. Hip range of motion was generally less than 
patient #1, and the right hip appeared to be limited in internal rotation as compared to the left 
hip. The right hip was also limited in flexion range of motion as compared to the left hip. 
Segmental mobility testing provoked pain at the L5 segment, and the mobility was judged to be 
normal at all lumbar levels. There were also several positive findings for dysfunction in the 
lumbopelvic region including the standing and seated flexion tests, as well as the Gillet test. 
2.7.4.9.3 Clinical Decision-Making Based on Traditional Diagnostic Tests 
Both patients had several positive findings on traditional tests designed to detect dysfunction in 
the lumbopelvic region, including the standing and seated flexion tests, and the Gillet test. 
Patient #1 also had positive findings on the supine long sitting and prone knee flexion tests. Both 
patients were judged to have asymmetry of the pelvic landmarks, which is often believed to 
indicate dysfunction in the lumbopelvic region.4,5,62 Patient #2 had signs of hip joint dysfunction 
as well as possible dysfunction in the lumbopelvic region. Based on these results, both patients 
appeared to be good candidates for spinal manipulation directed at the lumbopelvic region, and 
were treated in this manner at the first appointment. 
2.7.4.9.4 Clinical Decision-Making Based on Clinical Prediction Rule 
Each patient’s status with respect to the CPR12 is outlined in Table 4. 
 
Table 4. Status of the two patients with respect to the CPR. 
Criteria in the CPR Patient #1 Patient #2 
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1. FABQW score < 19 points 8 Not assessed 
2. Duration of current episode < 16 days  5 days 3 years 
3. No symptoms extending distal to the 
knee Low back pain only 
Right buttock/ 
thigh pain, not 
distal to the knee 
4. At least one hypomobile lumbar spine 
segment (judged from lumbar spring 
testing) 
Hypomobility at L4 
and L5 
Mobility judged 
WNL at all 
lumbar levels 
5. At least one hip with > 35° of internal 
rotation range of motion  
Left Hip IR - 35° 
Right Hip IR - 45° 
Left Hip IR - 
25° 
Right Hip IR - 
18° 
TOTAL 5/5 1/5 
 
(Return to p. 68, 68) 
 
The first patient met all five criteria in the CPR, which suggests that he is highly likely to 
achieve a dramatic improvement with the manipulative intervention. The second patient met one 
criterion (no symptoms distal to the knee). This patient was not assessed on the FABQ at 
baseline, therefore his score of the work subscale could not be factored into the CPR. Patient #2 
may therefore have met a maximum of two criteria. In either case, patient #2 met two or fewer 
criteria, making him unlikely to experience dramatic improvement with this manipulative 
intervention. 
2.7.4.9.5 Interventions and Outcomes 
Based on the results of the traditional lumbopelvic region tests, both patients were treated using 
the manipulative intervention that has been previously described in the initial study that 
developed the CPR,12 and in earlier studies that have shown this particular technique to be 
effective.4,5 Because of the lack of reliability in the judgments from tests often used to determine 
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which side to manipulate,52 the more symptomatic side was selected. An audible cavitation was 
achieved in both patients using the technique. Following the manipulation, each patient was 
instructed in a hand-heel-rock range of motion exercise as described in Figure 2.229 
 
Performance: 
Starting Position 
Get on all fours on the floor. Rest some of the weight on 
your hands and arms; move your hands to just slightly 
higher than your shoulders. 
Forward Rock 
Transfer the weight more to your hands, not allowing 
your arms to bend. Allow your abdomen to sag towards 
the surface while your head tends to look up. Pause 
momentarily toward the end of your range and then start 
back towards neutral.  
Backward Rock 
Rock backwards as though you were attempting to sit on your heels. Allow your back to round out 
and do not be concerned if you have to drag your hands along the surface to get back to the fully 
backward 
position. 
 
 
Figure 2. Description of the hand-heel rock range of motion exercise. 
 
We routinely instruct patients in this exercise to help maintain immediate improvements in range 
of motion observed following manipulation. Finally, they were instructed to do all activities that 
did not increase their symptoms and to maintain usual activity level within the limits of pain. 
Advice to maintain usual activity has been found to assist in recovery from LBP.21 Patient #1 
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was also instructed to initiate a previously prescribed regime of lumbar spine stabilization 
exercises to address suspected lumbar spinal instability that may be contributing to his LBP.230 
Patient #2 was also treated with manual distraction mobilization of the right hip and contract-
relax stretching of the right hip flexors. 
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Both patients returned for a follow-up appointment three days after the baseline examination and 
manipulative intervention. The pain rating and ODQ were re-assessed at that time. The changes 
in NPRS and ODQ scores for both patients are pictured in Figure 3 and Figure 4, respectively. 
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Figure 3. Change in NPRS after three days for both patients. (NPRS scores range from 0 to 10, 
with 0 being no pain and 10 being maximum pain.) 
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Figure 4. Change in ODQ after three days for both patients (ODQ scores range from 0% to 100% 
with 0% being no disability and 100% being maximum disability.) 
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For patient #1, the pain rating decreased from 5/10 to 0/10 and the ODQ decreased from 42% to 
18%, a 57% decrease. For patient #2, the pain rating remained unchanged at 4/10, the ODQ was 
essentially unchanged at 28%, versus 26% at baseline (8% increase). 
 
Patient #1 appeared to have made dramatic improvement following the manipulative intervention 
and range of motion exercise. After three days he reported no pain, and the 24-point 
improvement in the ODQ is equivalent to four times the MCID of 6 points that has been 
established for this instrument.210 Patient #2 did not appear to benefit from the manipulative 
intervention and range of motion exercise. His pain rating and ODQ scores were unaffected by 
the intervention. The first patient did not return for subsequently scheduled visits based on his 
self-report that he was progressing well with the exercise program and could not coordinate 
regular physical therapy sessions into his work schedule. He was contacted approximately one 
month after the initial appointment in which he self-reported that his LBP had continued to 
improve, and that he was only having symptoms with prolonged standing at work. Ergonomic 
and appropriate shoe wear recommendations were made, and the patient was discharged from 
therapy. The second patient was seen for five additional appointments over the ensuing three 
weeks. Treatment consisted of hip joint mobilizations, flexibility and strengthening exercises for 
the right hip, and deweighted ambulation on a treadmill. The manipulation was repeated one 
additional time during the course of care. His status remained unchanged. He was referred for 
further examination of the right hip. A subsequent MR-arthrogram revealed an anterior labrum 
and capsular tear of the right hip that eventually required surgical correction. 
2.7.4.9.6 Discussion 
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These two cases highlight the potential value of a CPR for physical therapists. Five clinical 
findings go into determining a patient’s likelihood of success (Table 1). Patient #1 had all five 
criteria present, indicating a high likelihood of success with the treatment (Table 4). Patient #2 
had only one (possibly two) positive findings, indicating a low likelihood of responding to the 
treatment (Table 4). Both patients were judged to have numerous positive findings that have 
traditionally suggested the need for treatment of the lumbopelvic region. In these two cases, the 
CPR more accurately predicted the eventual outcome of the intervention than the traditional 
lumbopelvic region tests. 
 
The problems with traditional lumbopelvic region tests have been previously discussed at length. 
However, despite these concerns, many clinicians have continued to rely on traditional tests for 
dysfunction in the lumbopelvic region.62,166,189,231,232 This is understandable given that the 
treatment techniques appear to work for a large number of patients, and a more reasonable 
alternative to decision-making has not been available. The development of CPRs that are based 
on an examination of data instead of anatomical and biomechanical theories may offer an 
alternative that helps clinicians become more efficient and effective practitioners. 
 
Patient #2 illustrates a different advantage of the CPR. Based on traditional clinical reasoning, 
this patient’s pain diagram and physical examination were highly suggestive that spinal 
manipulation may be an effective intervention. This turned out not to be the case, and in fact, the 
patient’s symptoms were originating from pathology at the hip. Had the CPR been used as the 
foundation for decision-making for this patient instead of traditional theories, the lack of benefit 
from spinal manipulation could have been predicted. The value of CPRs is not just their potential 
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ability to identify patients likely to benefit from a particular intervention, but also their ability to 
identify patients for whom an alternative course of treatment is more appropriate. 
2.7.5 The Second Step: Validating the Clinical Prediction Rule 
2.7.5.1 Reasons a Validation Study Might Fail to Support Initial Findings 
Although the initial findings based on the development of the CPR may be exciting,12 McGinn et 
al195 have suggested there is a three-step process for developing and testing a CPR prior to 
promotion for wide-spread implementation of the rule in clinical practice. The first step is to 
create the CPR. This was the purpose of the initial study to develop the CPR.12 The second step 
is to validate the CPR. This step is important to insure the results found in the initial study can be 
validated in another population.195,226 There are three potential reasons why a validation study 
may not support initial findings in the development of a CPR.233 
 
First, it is possible that some of the predictors may have occurred by chance.233 Sackett et al226 
refer to the initial sample in which prognostic factors are identified as the “training set” or 
“derivation set.” This is because the strategy of identifying prognostic factors for an outcome of 
interest only involves prediction of the outcome, paying no attention to whether the factors 
identified are even biologically plausible. It is possible the might reveal some “biologically 
nonsensical and random, non-causal quirk” to be predictive of a given outcome.226 The second 
reason is that the predictors identified in the initial development of the CPR may be unique to 
that sample or the clinicians who participated in the study.233 Other factors related to the design 
of the initial study could also influence the outcome.233 The third reason is that different 
clinicians in a validation study may fail to accurately apply the CPR or perform the tests and 
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measures in the CPR differently than in the initial study. For each of these reasons, it is not 
uncommon to find validation studies that fail to support the initial findings of rigorously 
developed CPRs.233 
2.7.5.2 Face Validity of the Criteria in the Spinal Manipulation Clinical Prediction Rule 
On the surface, the factors identified in the initial study12 are at least not obviously spurious and 
seem to have some face validity for their being predictors of success with manipulation. 
Intuitively, it seems logical that patients who will benefit from spinal manipulation have low 
fear-avoidance scores, have symptoms that are relatively acute in nature, exhibit symptoms that 
do not extend distal to the knee, and exhibit some degree of stiffness in the lumbar spine. A few 
RCTs have found manipulation to be more beneficial for a subgroup of patients with more acute 
symptoms,80,84 and clinical practice guidelines21,142,143,146 currently recommend manipulation for 
patients with acute LBP of less than four to 6 weeks duration. The presence of hypomobility in 
the lumbar spine is also intuitively attractive because it implies that patients with the presence of 
hypomobility somewhere in the lumbar spine seem to benefit from spinal manipulation. 
However, this finding must be interpreted cautiously given the lack of reliability for this 
particular test. The reliability of the therapist’s judgment that some hypomobility was or was not 
present somewhere in the lumbar spine demonstrated a kappa value of 0.13.234 Reliability at the 
individual segmental level in the lumbar spine ranged from 0.03 – 0.50.234 The percent 
agreement between the examiners was high (78%), and it is likely that the high prevalence of 
positive findings (85%) in the sample deflated the kappa coefficient.235 Further work is needed to 
improve the inter-rater agreement on judgments of segmental mobility before these results can be 
generalized more broadly. 
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The only criterion in the CPR that does not appear to be entirely logical is that the presence of at 
least 35° of hip internal rotation range of motion in at least one hip is associated with success 
with manipulation. Perhaps increased stiffness in the lumbopelvic spine is associated with a 
compensatory increase in hip internal rotation range of motion. Previous research has suggested 
an association between limited hip rotation range of motion and LBP.236-240 Some authors have 
speculated that patients with a unilateral restriction in internal rotation range of motion represent 
a unique pattern that may benefit from a specific manipulative intervention.240-242 Cibulka et al240 
reported that patients with dysfunction in lumbopelvic region tended to have greater external 
than internal rotation range of motion on the symptomatic side; however, no relationship was 
established between this finding and outcome from intervention. Fritz et al239 recently identified 
several variables related to hip rotation range of motion that were significantly associated with 
outcome from an intervention, specifically the failure to improve with spinal manipulation. In 
general, patients with restricted internal and external range of motion tended not to improve, but 
more specifically, they demonstrated less side-to-side discrepancy in hip internal rotation range 
of motion (i.e. more symmetrical) and overall decreased total rotation range of motion. 
Conversely, patients who tended to improve with spinal manipulation exhibited an increased 
side-to-side discrepancy in internal rotation range of motion and overall increased internal and 
external rotation range of motion. Further research is needed to explore the relationship between 
hip rotation range of motion and outcome from spinal manipulation. 
2.8 Purpose 
Although the criteria in the CPR seem to have adequate face validity, there is no guarantee that 
these factors will persist in a different group of patients, even ones with similar characteristics as 
those used in this initial exploratory study. Consequently, it is entirely possible that some or all 
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of the initial criteria identified in the initial study12 were actually spurious in nature, thus 
negating the clinical utility of the CPR. Therefore, to insure the validity of the initial findings, 
Sackett et al226 recommends attempting to validate the initial prognostic factors in a “test set” or 
“validation set.” 
 
Without a control group that did not receive spinal manipulation, one could also question the 
validity of the CPR developed in the initial study12 in predicting patients likely to likely benefit 
from spinal manipulation. Primarily, one could argue that the criteria in the CPR may in fact only 
identify patients likely to have a favorable natural history of LBP, regardless of the treatment 
provided. As previously discussed, they attempted to address this concern by establishing a 
relatively high threshold for determining success, a level that would unlikely be attributable to 
the favorable natural history of LBP. However, in the absence of a control group, the critic could 
still argue that any number of treatments (or even no treatment at all) could have been substituted 
for manipulation, and the same criteria would have surfaced. 
2.8.1 Importance of a Validation Study 
McGinn et al243 have established a hierarchy of evidence for CPRs. Without a validation study, 
the CPR presently corresponds to a lower level, Level IV CPR, which means that further study 
be performed before a recommendation can be made to apply the CPR clinically. If patients 
classified as positive on the CPR and receive spinal manipulation achieve an improved outcome 
compared to patients classified as negative on the CPR but receive spinal manipulation, and 
compared to patients classified as positive on the CPR but receive a competing treatment such as 
a stabilization exercise intervention, this would add a substantial margin of validity to the CPR. 
Specifically, these results will clarify that that the CPR indeed predicts patients likely to likely 
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benefit from spinal manipulation, rather than merely predict patients who have a favorable 
natural history of LBP. 
 
To our knowledge, the spinal manipulation CPR is the only one currently reported in the 
literature to predict outcome from treatment. The results of this study will provide useful 
information for both clinicians and researchers in physical therapy. First, clinicians will benefit 
from an easy-to-use CPR that will aid decision-making and may improve outcomes for patients 
with LBP. If the effect size among patients classified as positive on the CPR and receive spinal 
manipulation is greater than the effect size among all patients who receive manipulation, this 
study will be among the first to demonstrate that the power of clinical research for patients with 
LBP can be improved if patients are classified prior to the intervention. Several researchers have 
hypothesized that maximizing homogeneity of the sample using classification principles would 
improve statistical power and provide a better likelihood of identifying evidence for the 
effectiveness of an intervention, but this study will be the first to test the hypothesis. 
 
Importantly, validation of the CPR will enable a shift up the evidence hierarchy to a Level II 
CPR,243 giving clinicians increase confidence in the ability to accurately apply the CPR in a 
broad spectrum of patients with LBP. 
 
Ultimately, if the CPR is validated in this study, the simplicity of this system should encourage 
many clinicians to use the CPR and incorporate spinal manipulation as a routine part of their 
clinical practice. If our hypothesis is supported, these results will also challenge those who 
persistently want to teach manipulation as an advanced skill wrapped up in a complicated 
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diagnostic scheme compared to the use of one general technique using a more simple, yet 
effective CPR. The spinal manipulation CPR appears to be an efficient and practical, evidence-
based tool that can be applied by even the novice physical therapist who is familiar with the CPR 
and the technique that was used in its development. Based on the fact that it only takes 
approximately five to ten minutes to assess a patient’s status with respect to the CPR, clinicians 
would be able to easily apply the rule to many patients in a busy clinical setting. 
2.8.2 Purpose Statement 
Therefore, the purpose of this study was to accomplish the second step in the development of a 
CPR and validate a CPR to identify patients with LBP likely to benefit from spinal manipulation 
in a multicenter RCT. Multiple therapists and clinical sites in a variety of healthcare settings and 
geographical regions in the United States were used to better assess the generalizability of the 
rule. 
3. Research Hypotheses 
3.1 Specific Aim 1 
Determine the validity of a CPR to identify patients with LBP likely to benefit from spinal 
manipulation. 
3.1.1 Hypothesis Aim 1 
It was hypothesized that a significant three-way CPR*Intervention*Time interaction would exist 
to support the notion that outcome from manipulation depends on a patient’s status with respect 
to the CPR. Specifically, it was hypothesized that patients classified as positive on the CPR (i.e. 
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at least 4/5 criteria met) and received spinal manipulation would experience greater improvement 
in one- and four-week outcomes compared to patients classified as negative on the CPR and 
received spinal manipulation, and compared to patients classified as positive on the CPR but 
received a competing stabilization exercise intervention. Alternatively, it was hypothesized that 
if the CPR is predicting patients likely to benefit from spinal manipulation, a patient’s status 
should not be able to distinguish between patients who benefit from the stabilization exercise 
intervention. Therefore, it was further hypothesized that no difference in outcome from the 
stabilization exercise intervention would exist based on the patient’s status with respect to the 
CPR. 
3.2 Specific Aim 2 
Determine the effectiveness of spinal manipulation, regardless of the patient’s status with respect 
to the CPR. 
3.2.1 Hypothesis Aim 2 
It was hypothesized that among all patients in the study, those who received spinal manipulation 
would achieve greater improvement in one- and four-week outcomes compared to patients who 
did not receive spinal manipulation, regardless of the patient’s status with respect to the CPR. 
This aim would only be examined if a significant three-way CPR*Intervention*Time interaction 
from Specific Aim 1 did not exist. 
3.3 Specific Aim 3 
Compare the treatment effect for spinal manipulation between patients classified as positive on 
the CPR (i.e. a homogeneous group) versus all patients with LBP (i.e. a heterogeneous group). 
75 
3.3.1 Hypothesis Aim 3 
It was hypothesized that the effect size in the more homogeneous group of patients classified as 
positive on the CPR would be larger for the one- and four-week outcomes compared to a 
heterogeneous group of patients that ignores the CPR. Additionally, it was hypothesized that a 
lower number needed to treat (NNT) would be observed for patients classified as positive on the 
CPR compared to all patients in the study and compared to patients classified as negative on the 
CPR. 
4. Research Design and Methods 
4.1 Research Design 
This project was a RCT to investigate the validity of a CPR to identify patients with LBP likely 
to likely benefit from spinal manipulation. Patients who met the inclusion criteria and consented 
to the study completed several self-report measures related to pain, function and disability, and 
fear-avoidance behaviors. Patients then received a standardized history and physical 
examination. Upon completion of the clinical examination, study participants were randomly 
assigned to receive spinal manipulation plus a stabilization exercise intervention or to receive a 
stabilization exercise intervention alone. Patients were then classified post priori by an examiner 
blinded to group assignment as to whether they met at least 4/5 criteria in the CPR developed in 
the initial study.12 The primary outcome measure was the one-week ODQ score to assess 
function and disability mirroring the follow-up used in the initial study that developed the CPR.12 
Function and disability was also assessed after four weeks to examine whether any treatment 
effect was maintained over the duration of the patient’s participation in the study. The one- and 
four-week pain rating was used as a secondary outcome measure. 
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 The independent and dependent variables are outlined in Table 5. 
 
Table 5. Independent and dependent variables in the study. 
Independent 
Variables 
Levels Dependent 
Variables 
CPR 1. +CPR (at least 4/5) 
2. -CPR (less than 4/5) 
Intervention 1. Manipulation Group 
2. Exercise Group 
Time (repeated 
measures factor) 
1. Baseline 
2. One week 
3. Four weeks 
1. ODQ 
score 
2. NPRS 
score 
 
4.2 Methods 
4.2.1 Patient Recruitment 
Consecutive patients referred to physical therapy for evaluation and treatment of LBP were 
considered for study participation. A total of 13 physical therapists recruited patients from the 
following 8 clinical sites: 
1. Wilford Hall Medical Center, Lackland AFB (San Antonio, TX) 
2. Malcolm Grow Medical Center, Andrews AFB (Washington DC) 
3. Wright-Patterson Medical Center, Wright-Patterson AFB (Dayton, OH) 
4. Eglin Hospital, Eglin AFB (Fort Walton Beach, Florida) 
5. Luke Medical Clinic, Luke AFB (Phoenix, AZ) 
6. Hill Medical Clinic, Hill AFB (Ogden, Utah) 
7. F.E. Warren Medical Clinic, F.E. Warren AFB (Cheyenne, WY) 
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8. University of Pittsburgh Medical Center Health System’s Centers for Rehab Services 
(Pittsburgh, PA) 
The study was approved by each site’s Institutional Review Board (IRB) before patient 
recruitment and data collection began. 
4.2.2 Description of Patients 
The study included patients with acute and chronic LBP who met the following 
inclusion/exclusion listed below. A combination of physical examination and self-report 
measures were used to assess a patient’s eligibility according to each criterion. The method by 
which each criterion were examined to determine a patient’s eligibility is indicated next to the 
criterion in parentheses. All patients provided informed consent before participation in the study. 
A copy of the screening examination form that was used is included in Appendix C. 
 
The following inclusion criteria were used to determine a patient’s eligibility for the study: 
1. Chief complaint of pain and/or numbness in the lumbar spine, buttock, and/or lower 
extremity (baseline Pain Diagram form and/or self-report) 
2. ODQ disability score of at least 30 points (baseline ODQ form) 
3. Age at least 18 years and less than 60 years (Demographic Information form and/or self-
report) 
 
Because disability was used as the primary outcome of interest, it is important to insure a 
moderate level of disability was present at the inception of the treatment. Thus patients were 
required to have at least a baseline ODQ score of 30%. Previous work has shown an average 
ODQ score of approximately 40% for new patients referred to physical therapy, with a standard 
78 
deviation of about 10 points.225 These values are also similar to those reported in other studies.216 
A minimum ODQ score of 30% allows for the inclusion of a spectrum of patients, but prevents a 
floor effect from occurring due to low baseline disability scores. Requiring a minimum ODQ 
score of 30% is also consistent with the inclusion criteria used in the initial study.12 This insures 
that patients in this validation study are similar to those used in the initial study that developed 
the CPR. Also similar to the initial study,12 patients in this study were not excluded based on the 
presence of lower extremity symptoms because studies have shown that the lumbopelvic region 
is capable of referring pain into the lower extremity, even extending distal to the knee.25,244 
These inclusion criteria helped to insure that the sample used in this study was consistent with 
the patient population for whom the CPR was developed (i.e. patients with LBP with or without 
lower extremity symptoms with at least a moderate level of disability.) Clinicians do not 
commonly perform spinal manipulation in individuals under the age of 18, and adults over age 
60 with LBP are more likely to have degenerative or stenotic conditions245 in which 
manipulation may be contraindicated, thus these two populations were excluded from this study. 
 
The following exclusion criteria were used to determine a patient’s ineligibility for the study: 
1. Red flags noted in the patient’s general medical screening questionnaire (i.e. tumor, spinal 
compression fracture, metabolic diseases, RA, osteoporosis, prolonged history of steroid use, 
etc.) 
2. Signs consistent with nerve root compression, including any one of the following: 
a. Reproduction of low back or leg pain with straight leg raise at less than 450 
b. Muscle weakness involving a major muscle group of the lower extremity 
c. Diminished lower extremity muscle stretch reflex (Quadriceps or Achilles tendon) 
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d. Diminished or absent sensation to pinprick in any lower extremity dermatome 
3. Prior surgery to the lumbar spine or buttock (Demographic Information form and/or self-
report) 
4. Current pregnancy 
5. Inability to comply with treatment schedule (weekly for four weeks) 
 
These criteria were designed to exclude individuals for whom manipulation is contraindicated. In 
addition, patients had to be able to comply with the four-week treatment schedule. Once patients 
were admitted to the study, intention-to-treat principles were used, and no patient was removed 
for non-compliance. However, patients were excluded if they knew ahead of time that they 
would be unable to comply with the treatment schedule (i.e. traveling extensively during the 
four-week time period). No individuals were excluded on the basis of gender, race, creed, color, 
or national or ethnic origin. Therapists recorded the reason for each patient who was ineligible on 
an eligibility tracking form (Appendix D). 
4.2.3 Therapists 
Each of the 8 clinical sites had a site coordinator and one or two additional licensed therapists 
who were trained in the study procedures by one of the investigators. The training session 
included instruction in the administrative aspects of the study (i.e. informed consent, data 
collection procedures, etc.) and specific training in the performance of the interventions that 
were used. The purpose of this training was to insure that the examination and interventions were 
performed in a similar fashion across sites. The investigator conducting the training individually 
instructed and observed each therapist in the performance of the manipulative intervention. Each 
site was provided with a detailed Manual of Standard Operations and Procedures (MSOP) that 
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outlines all study procedures, to include operational definitions of each physical examination 
procedure that was used (Appendix E). 
4.2.4 Examination Procedures 
All eligible patients who consented to participate completed a series of self-report measures, then 
received a standardized history and physical examination. The self-report measures and physical 
examination were repeated at the one- and four-week follow-up by an examiner blinded to the 
patient’s status with respect to the CPR. 
4.2.4.1 Self-Report Measures 
1. Demographic Information (Appendix F) – Demographic information that was collected 
included age, gender, height, weight, race, employment status, past medical history, and 
expectation of treatment. Other historical questions that were investigated related to the 
patient’s symptoms included the mechanism of injury, location and nature of the patient’s 
symptoms, number of days since onset, number of previous episodes of LBP, treatment for 
previous episodes, etc. This information was only collected during the baseline examination. 
2. Pain Diagram and Rating (Appendix G) –A body diagram was used to assess the distribution 
of symptoms.212,246,247 The location of symptoms was categorized as low back, buttock, thigh, 
and/or leg (distal to knee) using the method described by Werneke et al,248 who found high 
inter-rater reliability (kappa = 0.96). An 11-point scale pain rating scale ranging from 0 (no 
pain) to 10 (worst imaginable pain) was used to assess current pain intensity and the best and 
worst level of pain during the last 24 hours.211,249-252 The average of the three ratings was 
used to represent the overall level of the patient’s pain. 
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3. Fear-Avoidance Beliefs Questionnaire (FABQ) (Appendix H) – The FABQ quantifies the 
level of fear of pain and beliefs about avoiding activity in patients with LBP.214 The 
instrument consists of 16 items subdivided into two subscales, a 5-item Physical Activity 
subscale (FABQPA) and a 16-item Work subscale (FABQW). The subscales are reflected in 
the division of the instrument into separate sections. Questions 1-5 make up the FABQPA 
subscale, and questions 6-16 make up the FABQW subscale. Decision-making using the CPR 
requires only the FABQW subscale score. However, all items on the questionnaire should be 
completed since all items were included when the reliability and validity of the scale was 
initially established. Each item is scored from 0-6, however not all items within each 
subscale contribute to the score. Four items (# 2, 3, 4, and 5) are scored for the FABQPA 
subscale, and 7 items (# 6, 7, 9, 10, 11, 12, and 15) are scored for the FABQW subscale. 
Each scored item within a particular subscale is summed, thus possible scores range from 0-
42 and 0-28 for the FABQW and FABQPA subscales, respectively. Higher scores represent 
increased fear-avoidance beliefs. Each subscale exists as a separate entity, thus there is no 
overall FABQ score that consists of the sum of the two subscales. Therapists should insure 
that all scored items are completed as there is no procedure to adjust for incomplete items. 
Previous studies have found high level of test-retest reliability for the FABQPA (ICC=0.77) 
and FABQW (ICC = 0.90) subscales.253 The FABQW subscale has been associated with 
current and future disability and work loss in patients with chronic214,254,255 and acute256,257 
LBP. 
4. Oswestry Disability Questionnaire (ODQ) (Appendix I) – The ODQ is as a region-specific 
disability scale for patients with LBP.215-219 The questionnaire consists of ten items 
addressing different aspects of function, each scored from 0-5 with higher values 
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representing greater disability. The ODQ used in this study was modified to improve 
compliance. The section on sex life was replaced with one regarding employment/home-
making. Previous research has demonstrated the modified version to have high levels of 
reliability, validity and responsiveness.210 
4.2.4.2 History and Physical Examination 
Patients were asked about the duration of the current episode in days, mechanism of injury, 
location of symptoms, prior episodes of LBP, and the effect of any treatments received for 
current or past episodes.25,258 This information is included in Appendix J. 
 
The components of the physical examination pertinent to the CPR (i.e. segmental mobility of the 
lumbar spine and hip range of motion) are described in detail below. Descriptions of the 
remainder of the physical examination procedures are included in the MSOP (Appendix E). A 
copy of the physical examination form that was used is included in Appendix J. 
1. Neurologic Screening Examination: All patients were screened for evidence of nerve root 
compression. Screening included bilateral straight leg raise tests, manual muscle testing of 
major muscle groups for myotomes from L1-S1, pinprick sensation testing of dermatomes 
from L1-S1, and testing the quadriceps and Achilles reflexes. 
2. Physical Impairment Index: Waddell et al259 described a method of evaluating physical 
impairment in patients with LBP. The index consists of 7 tests; four range of motion tests 
(total flexion and extension, average side-bending, and average straight leg raise), and three 
other tests (bilateral active straight leg raise, active sit-up, and spinal tenderness). Each test is 
scored as positive (1) or negative (0) based on published cut-off values; resulting in a total 
score from 0-7. Higher numbers represent increased levels of physical impairment. Waddell 
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et al259 found the impairment index could be reliably measured (ICC values 0.86- 0.95, and 
kappa values 0.48-0.60 for individual tests), and was significantly correlated with disability 
(r=0.51). 
3. Segmental mobility of the lumbar spine: Spring testing of the lumbar spine was tested with 
the patient prone and the neck in neutral rotation. Testing was performed over the spinous 
processes of the vertebrae and is both a provocation test and a test of segmental 
mobility.186,221 The examiner stood at the head or side of the table and placed the hypothenar 
eminence of the hand (i.e. the Pisiform bone) over the spinous process of the segment to be 
tested. With the elbow and wrist extended, the examiner applied a gentle but firm, anteriorly-
directed pressure on the spinous process. The stiffness at each segment was judged as 
normal, hypomobile, or hypermobile. Interpretation of whether a segment is hypomobile was 
based on the examiner’s anticipation of what normal mobility would feel like at that level, 
and compared to the mobility detected in the segment above and below. In addition, pain 
provocation at each segment was judged as painful or not painful, and if painful, whether the 
symptoms were local (i.e. under the examiner’s hand) or referred (away from the examiner’s 
hand). 
4. Lumbar spine active range of motion - Active range of motion of the lumbopelvic spine was 
tested with the patient standing according to the procedure described by Waddell et al259  
5. Hip range of motion – Hip range of motion was tested bilaterally with the patient lying prone 
with the shoes on, and with the cervical spine at the midline. The examiner placed the leg 
opposite that to be measured in approximately 30° of hip abduction to enable the tested hip to 
be freely moved into external rotation. The lower extremity of the side to be tested was kept 
in line with the body, and the knee on that side was flexed to 90° with the ankle in the neutral 
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position, and the leg in the vertical position. The inclinometer was placed on the distal aspect 
of the fibula in line with the bone and was zeroed with the leg in the vertical position. 
Measurement of hip internal rotation and external rotation was recorded at the point in which 
the pelvis first began to move. Ellison et al242 reported excellent inter-rater reliability with 
these procedures (ICC coefficients ranging between 0.95-0.97). 
6. Diagnostic Tests for Lumbopelvic Region Dysfunction - Diagnostic tests that have been 
purported to identify dysfunction in the lumbopelvic region were also assessed. These 
procedures included tests designed to assess the symmetry of bony landmarks in the static 
position (i.e. static symmetry tests), tests to assess the symmetry of bony landmarks with 
movement (i.e. movement symmetry tests), and tests to reproduce symptoms (i.e. 
provocation tests).40 (Appendix A and Appendix E) 
4.2.5 Blinding 
Three of the five criteria in the CPR can be assessed by patient self-report, thus they are not 
likely susceptible to rater bias. However, the determination of the presence of segmental 
hypomobility and hip range of motion testing can potentially be susceptible to rater bias. 
Moreover, it is possible that a clinician’s knowledge of whether a patient meets the criteria in the 
CPR could potentially bias the treatment of that patient. To minimize these biases, therapists 
participating in the study were not instructed in the criteria related to the CPR. As a result, they 
were unaware of the patient’s status with respect to the criteria in the CPR. Additionally, patients 
were not randomized until the baseline examination had been completed, adding additional 
protection against the possibility for bias to occur. The patient’s self-reported change in the ODQ 
through one week served as the reference criterion, thus the outcome was also not subject to rater 
bias. 
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4.2.6 Randomization 
A random number generator was used to conduct the randomization, and this procedure was 
conducted prior to the initiation of the study. The randomization was concealed according to the 
following procedure. The group assignment was recorded on a label affixed to a 3.5 X 5 inch 
index card. This card was folded in half such that the label with the patient’s group assignment 
was on the inside of the fold. The folded index card was then placed inside the envelope, and the 
envelope was sealed. This prevented the potential for the therapist holding the envelope up to the 
light and visualizing the patient’s treatment group assignment through a sealed yet 
transilluminate envelope. Once the baseline examination was completed, the therapist then 
opened the randomization envelope indicating the patient’s treatment group assignment that 
corresponded to the patient’s identification number. Patients were randomly assigned to one of 
two intervention arms: 1) spinal manipulation plus a stabilization exercise intervention 
(Manipulation Group) or 2) stabilization exercise intervention alone (Exercise Group). The 
patient was notified of the group assignment, and the first treatment session was performed. 
4.2.7 Intervention Arms 
Patients in both intervention arms attended physical therapy twice a week for the first week and 
then once a week for the next three weeks, for a total of five visits. The first treatment visit was 
defined as the first visit in which treatment was administered. In most cases, this occurred on the 
same visit in which the patient was recruited, or it could have occurred on the patient’s second 
visit, depending on time constraints. If the first treatment session was provided on the patient’s 
second visit, this session always occurred with 24-48 hours of the baseline examination to 
minimize the likelihood that the patient’s status could significantly change due to the passage of 
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time. All patients were instructed to perform their assigned exercise program once daily on the 
days they did not attend therapy. Patients were provided an exercise instruction booklet outlining 
the proper performance and frequency of each exercise. The treatment procedures are described 
below for patients in each arm of the study. Patients who achieved at least a 50% improvement in 
their ODQ at the one- and/or four-week follow-up were classified as a success. Otherwise, they 
were classified as a non-success. 
4.2.7.1 Manipulation Group 
The intervention received by patients in the Manipulation Group only differed from the Exercise 
Group during the first two treatment sessions (i.e. during the first week). Beginning on the third 
session, patients in the Manipulation Group completed the same stabilization exercise 
intervention as patients in the Exercise Group. During the first two sessions, patients in the 
Manipulation Group received spinal manipulation and a range of motion exercise only. The 
manipulative intervention was performed first according to the technique used in the initial 
study.12 To perform the technique, the patient was supine. The therapist stood opposite the side 
to be manipulated and passively moved the patient into side-bending towards the side to be 
manipulated. The patient was asked to interlock the fingers behind the head. The therapist then 
rotated the patient, and delivered a quick thrust to the anterior superior iliac spine in a posterior 
and inferior direction (Figure 1) (video clip). 
 
The side to be manipulated was the more symptomatic side based on the patient’s self-report. If 
the patient was unable to specify a more symptomatic side, the therapist selected either side to be 
manipulated. Although the manipulative intervention is directed towards one side of the pelvis, 
Cibulka et al222 found changes in innominate tilt on both sides of the pelvis after the performance 
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of this manipulation on one side. Therefore, while manipulating the more symptomatic side 
provides a consistent approach to determining the side to be manipulated first, it is likely that the 
manipulation will impact both lumbopelvic regions. Thus the decision as to which side to 
manipulate is essentially random. In clinical practice, if the manipulative intervention is not 
successful on one side, we attempt to manipulate the opposite side. Although the risk of a serious 
complication such as cauda equina syndrome is extremely low,124,173,174,176 all participating 
therapists received training in this particular manipulative intervention. 
 
Similar to the procedure used in the initial study,12 after the manipulation was performed, the 
therapist recorded whether a cavitation (i.e. “a pop”) was either heard or felt by the therapist or 
patient. If a cavitation occurred, the therapist proceeded to instruct the patient in the range of 
motion exercise. If no cavitation was produced, the patient was repositioned, and the 
manipulation was attempted again. If still no cavitation occurred, the therapist attempted to 
manipulate the opposite side. A maximum of two attempts per side was permitted. If no 
cavitation was produced after the fourth attempt, the therapist proceeded to instruct the patient in 
the other treatment components. 
 
Following the manipulative intervention, all patients were instructed in a supine pelvic tilt range 
of motion exercise as described in Appendix K. This was the same exercise used in the study that 
developed the CPR.12 Patients were instructed to perform a set of 10 repetitions in the clinic and 
10 repetitions of the exercise 3-4 times daily at home on the days in which the patient did not 
attend therapy. A copy of the treatment form used by the treating therapist is included in 
Appendix L. Finally, the patient was instructed to maintain usual activity level within the limits 
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of pain. Advice to maintain usual activity has been found to assist in recovery from LBP.21,223 
Patients were instructed to do all activities that did not increase symptoms and to avoid activities 
which aggravated their symptoms. For the remaining three treatment session and for their home 
exercise program, patients in the Manipulation Group performed the same stabilization exercise 
intervention as patients in the Exercise Group. 
4.2.7.2 Exercise Group 
The Exercise Group was treated with a low-stress aerobic and strengthening program. The 
Agency for Healthcare Policy and Research (AHCPR) Clinical Practice Guidelines for Adults 
with LBP21 recommends muscle strengthening exercises for patients with acute LBP, and 
evidence also supports exercise therapy for individuals with chronic LBP.18 The strengthening 
program is designed to target the trunk musculature that has been identified as important 
stabilizers of the spine in the biomechanical literature.230,260,261 The theoretical rationale for the 
stabilization exercise intervention is outlined in Appendix M. The intervention itself can be 
viewed in Appendix N. 
 
The AHCPR Clinical Practice Guidelines for Adults with LBP21 also recommends low-stress 
aerobic exercises for patients with acute LBP. Thus in addition to the strengthening program, an 
aerobic exercise component was also included. Patients began with a goal of 10 minutes of 
aerobic exercise on either a stationary bike or treadmill at a self-selected pace. Progression of the 
aerobic component was performed at the therapist’s discretion. Patients in the Exercise Group 
began the low-stress aerobic exercise component, the warm-up exercise, and then performed the 
stabilization exercise intervention. Progression of the intervention was accomplished using the 
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exercise goals listed in Appendix M. A copy of the treatment form used by the treating therapist 
is included in Appendix O. 
4.2.7.3 Post Priori Stratification Based on Clinical Prediction Rule 
Following completion of the study, a patient’s status with respect to the CPR was determined 
using the results of the baseline physical examination by an examiner blinded to the patient’s 
group assignment. Patients who met at least 4/5 criteria in the CPR were classified as positive. 
This decision could have been made a priori by the therapist, but the therapist’s knowledge of the 
patient’s status with respect to the criteria in the CPR could serve as a potential source of bias in 
the treatment of the patient. The patient’s status with respect to the CPR is clearly the same 
whether the judgment is made a priori or post priori. Patients who met at least 4/5 criteria were 
classified as positive on the CPR. Patients who met three or fewer criteria were classified as 
negative on the CPR. 
4.2.8 Data Analysis 
Two statistical packages were used to perform the data analyses for this study. SPSS for 
Windows, Version 10.1 (SPSS Inc., Chicago, IL) was used to calculate descriptive statistics for 
the groups and to perform the inferential statistical analyses used in this study. Confidence 
Interval Analysis, Version 2.0 (Trevor Bryant, University of Southampton, UK) was used to 
calculate the accuracy statistics for the CPR. Descriptive statistics, including frequency counts 
for categorical variables and measures of central tendency and dispersion for continuous 
variables were first calculated to summarize the data. Independent t-tests or Mann-Whitney U 
tests were performed on continuous data as appropriate, and χ2 tests of independence were 
performed on categorical data at baseline to detect differences between the groups on key 
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demographic variables (i.e. age, gender, race, educational level, symptom acuity, etc.), self-
report measures (ODQ score, pain rating, etc.), historical (symptoms acuity, extent of distal 
symptoms, etc.), and physical examination findings (i.e. lumbar spine range of motion). This was 
done to determine the adequacy of the randomization procedure in evenly distributing these 
characteristics between the groups. All data were screened to insure they met the assumptions for 
the inferential statistical analyses described below. 
4.2.8.1 Specific Aim 1 
Determine the validity of a CPR to identify patients with LBP likely to benefit from spinal 
manipulation. 
4.2.8.1.1 Hypothesis Aim 1 
It was hypothesized that a significant three-way CPR*Intervention*Time interaction would exist 
to support the notion that outcome from manipulation depends on a patient’s status with respect 
to the CPR. Specifically, it was hypothesized that patients classified as positive on the CPR (i.e. 
at least 4/5 criteria met) and received spinal manipulation would experience greater improvement 
in one- and four-week outcomes compared to patients classified as negative on the CPR and 
received spinal manipulation, and compared to patients classified as positive on the CPR but 
received a competing stabilization exercise intervention. Alternatively, it was hypothesized that 
if the CPR is predicting patients likely to benefit from spinal manipulation, a patient’s status 
should not be able to distinguish between patients who benefit from the stabilization exercise 
intervention. Therefore, it was further hypothesized that no difference in outcome from the 
stabilization exercise intervention would exist based on the patient’s status with respect to the 
CPR. 
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4.2.8.1.2 Analysis Aim 1 
This aim was examined with a three-way, 2X2X3 repeated measures multivariate analysis of 
variance (MANOVA). The primary and secondary dependent variables are the ODQ and NPRS 
scores, respectively. The independent variables were 1) Intervention with two levels 
(Manipulation vs. Exercise Group), 2) CPR with two levels (+CPR vs. -CPR), and Time with 
three levels (baseline, one-, and four-week follow-up). The hypothesis of interest was the three-
way CPR*Intervention*Time interaction. Planned pairwise comparisons of the simple effects of 
CPR on Intervention were performed for both the ODQ and NPRS scores at the one- and four-
week follow-up using the Bonferroni inequality. The Bonferroni procedure controls the overall 
family-wise α-level to .05, so that the probability of any single comparison being a Type-I error 
is not greater than .05.262 
 
The first comparison was conducted between patients who received spinal manipulation based on 
their status with respect to the CPR (i.e. +CPR, Manipulation Group vs. -CPR, Manipulation 
Group). The second comparison was conducted between patients classified as positive on the 
CPR based on whether they received spinal manipulation or the stabilization exercise 
intervention alone (i.e. +CPR, Manipulation Group vs. +CPR, Exercise Group). A third 
comparison was performed between patients who received the stabilization exercise intervention 
alone based on their status with respect to the CPR (+CPR, Exercise Group vs. -CPR, Exercise 
Group). Although it is technically unnecessary to test the overall null hypothesis when planned 
comparisons are used, the MANOVA as previously described will still be performed to illustrate 
the three-way CPR*Intervention*Time interaction. 
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4.2.8.2 Specific Aim 2 
Determine the effectiveness of spinal manipulation, regardless of the patient’s status with respect 
to the CPR. 
4.2.8.2.1 Hypothesis Aim 2 
It was hypothesized that among all patients in the study, those who received spinal manipulation 
would achieve greater improvement in one- and four-week outcomes compared to patients who 
did not receive spinal manipulation, regardless of the patient’s status with respect to the CPR. 
This aim would only be examined if a significant three-way CPR*Intervention*Time interaction 
from Specific Aim 1 did not exist. 
4.2.8.2.2 Analysis Aim 2 
If necessary, this aim would be examined with a two-way, 2X3 repeated measures MANOVA. 
The primary and secondary dependent variables would be the ODQ and NPRS scores, 
respectively. The independent variables would be 1) Intervention with two levels (Manipulation 
vs. Exercise Group) and 2) Time with three levels (baseline, one, and four weeks after 
treatment). The hypothesis of interest would be the two-way Intervention * Time interaction. The 
hypothesis would be supported if the Manipulation Group achieved improved outcomes 
compared to the Exercise Group at the one- and/or four-week follow-up. 
4.2.8.3 Specific Aim 3 
Compare the treatment effect for spinal manipulation between patients classified as positive on 
the CPR (i.e. a homogeneous group) vs. all patients with LBP (i.e. a heterogeneous group). 
93 
4.2.8.3.1 Hypothesis Aim 3 
It was hypothesized that the effect size in the more homogeneous group of patients classified as 
positive on the CPR would be larger for the one- and four-week outcomes compared to a 
heterogeneous group of patients that ignores the CPR. Additionally, it was hypothesized that a 
lower number needed to treat (NNT) would be observed for patients classified as positive on the 
CPR compared to all patients in the study and compared to patients classified as negative on the 
CPR. 
4.2.8.3.2 Analysis Aim 3 
This aim was examined by calculating the standardized effect size and associated 95% 
confidence interval based on a patient’s status with respect to the CPR at the one- and four-week 
follow-up. An effect size is a standardized measure of change, and is important for the 
determination of sample size for future clinical studies. The effect size was calculated as the 
difference in the mean score on the variable of interest at the relevant follow-up divided by the 
pooled standard deviation between the groups..263 The following effect sizes and associated 95% 
confidence intervals were calculated for both the ODQ and NPRS at the one- and four-week 
follow (8 total calculations). 
1. All patients who received spinal manipulation (n=70) vs. all patients who received the 
stabilization exercise intervention only (n=61). 
2. Only patients classified as positive on the CPR and received spinal manipulation (n=23) 
vs. all patients who received the stabilization exercise intervention only (n=61). 
A significant difference was observed to exist if the 95% confidence intervals did not overlap. 
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To further illustrate the value of classification and establish whether the benefit is worth the 
effort to use the CPR in clinical practice, the number need to treat (NNT) statistic and associated 
95% confidence interval was also calculated among the following three subgroups of patients 
who received spinal manipulation according to the procedure described by Sackett et al.226 
1. All patients 
2. Patients classified as positive on the CPR 
3. Patients classified as negative on the CPR 
This analysis was primarily descriptive in nature, serving to illustrate the importance of 
classification to improve decision-making and to increase the statistical power of research. 
However, a significant difference was observed to exist if the 95% confidence intervals did not 
overlap. 
4.2.9 Sample Size and Power 
The sample size calculation was conducted a priori using SamplePower, Release 1.2.264 based 
on detecting a significant three-way CPR*Intervention*Time interaction in Specific Aim 1 using 
the four-week ODQ score at an α-level set to 0.05. The study was powered on the interaction 
because its detection would contribute most significantly to the validity of the CPR. Based on 
previous research,4,5,225 a within-cell standard deviation of 15 points on the ODQ, and a 
correlation between the covariate and dependent variable of 0.30 (R2 = 0.09) was expected. 
Given these variables, 21 patients per cell were required to detect a moderate effect size (0.30) 
for the interaction with 80% power using a two-tailed hypothesis at an α-level of 0.05.265 
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Ninety-four patients were required to achieve 21 patients per cell assuming an even distribution 
of patients with respect to their status on the CPR and a 10% drop-out rate. However, in the 
initial study,12 30% of patients were positive on the CPR (at least 4/5 criteria met), with the other 
70% being negative on the CPR (less than four criteria met). To account for this uneven 
distribution, and assuming the same distribution in the initial study, approximately 140 patients 
were required to achieve a total of 42 patients classified as positive on the CPR, (30% of 140 
total patients = 42 likely responders [21 for each of the two cells with patients positive on the 
CPR]). A preliminary analysis of the distribution of patients with respect to the CPR was 
performed after 50 patients had been enrolled, 36% of which were positive on the CPR. 
5. Results 
Note: This section primarily presents only results, without providing an interpretation of the data. 
Interpretation of each table is provided in the Discussion section. 
 
131 consecutive patients referred for evaluation and treatment of LBP were recruited from 13 
physical therapists across 8 clinical sites in a variety of healthcare settings and geographical 
regions in the United States from March 2002 through March 2003. A total of 543 patients were 
screened for study eligibility (Figure 5). 
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 Patients with LBP (n=543)
Met Inclusion/Exclusion Criteria (n=157)
Elected not to participate (n=26)
Ineligible (n=386) 
-CPR (n=37) +CPR (n=24)-CPR (n=47)+CPR (n=23) 
Exercise Group (n=61)Manipulation Group (n=70) 
Baseline Examination/Randomization (n=131)
Figure 5. Flow diagram for patient recruitment and randomization. 
 
(Return to p. 98, 98, 98) 
 
Of these patients, 386 patients (71%) were excluded from study participation. The specific 
reasons for ineligibility and the distribution of patients who were screened for the study are 
depicted in Figure 6. 
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202, 53%
64, 17%
24, 6%
31, 8%
25, 6%
12, 3%
28, 7%
ODQ < 30
Outside age range
Red Flag
Neurologic sign
Prior lumbar surgery
Pregnancy
Unable to complete study
 
Figure 6. Summary of reasons why patient’s were ineligible to participate (n=386). 
 
(Return to p. 98, 146) 
 
The two most common reasons for being excluded were having an ODQ score less than 30% 
(n=202, 53%) and being outside the specified age range (n=64, 17%) (Figure 6). A total of 157 
patients (29%) were deemed eligible to participate, 26 of which elected not to participate (Figure 
5). Patients who elected not to participate either did not want to make the commitment of time 
(n=19) or did not want to be randomized to one of the intervention arms (n=7). The remaining 
131 patients provided informed consent and enrolled into the study (Figure 5). Seventy patients 
were randomized to receive spinal manipulation, and 61 patients were randomized to receive the 
stabilization exercise intervention (Figure 5). The distribution of patients recruited at each site 
can be seen in Figure 7. 
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Figure 7. Distribution of patients recruited at each site. 
 
Baseline descriptive statistics for key demographic, self-report measures, historical, and physical 
examination findings for all patients and within each group are depicted in Table 6. 
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Table 6. Differences in groups based on key demographic, self-report measures, historical, and 
physical examination findings. Values represent the mean (SD), except where noted otherwise 
(when the % sign represents the percentage of patients within the assigned group). 
Variable All Patients 
(n=131) 
Manipulation 
Group (n=70) 
Exercise 
Group (n=61) 
p-value 
(2-tailed 
test) 
Age (years) 33.9 
(11) 
33.3 
(11) 
34.6 
(11) 
.53 
Gender (# of females) 55 
(42%) 
30 
(42.9%) 
25 
(41.0%) 
.83 
Race (# of patients) 
 
Caucasian 
 
 
African-American 
 
 
Hispanic 
 
 
Other 
 
 
 
91 
(69.4%) 
 
21 
(16.0%) 
 
13 
(9.9%) 
 
6 
(4.6%) 
 
 
49 
(70.0%) 
 
13 
(18.6%) 
 
4 
(5.7%) 
 
4 
(5.7%) 
 
 
42 
(68.8%) 
 
8 
(13.1%) 
 
9 
(14.8%) 
 
2 
(3.3%) 
.27 
Body Mass Index (kg/m2) 27.1 
(4) 
27.7 
(5) 
26 
(4) 
.08 
Medication use for LBP 
(# of patients) 
110 
(84.0%) 
61 
(87.1%) 
49 
(80.3%) 
.29 
Current smoking status 
(# of patients) 
30 
(22.9%) 
12 
(17.1%) 
18 
(29.5%) 
.09 
Variable All Patients 
(n=131) 
Manipulation 
Group (n=70) 
Exercise 
Group (n=61) 
p-value 
(2-tailed 
test) 
Highest level of education 
completed (# of patients among 
those who elected to report) 
 
High school 
 
 
College (Four-year degree) 
 
 
Post-graduate work (At least 
master’s degree) 
 
 
 
 
49 
(37.4%) 
 
10 
(7.6%) 
 
5 
(3.8%) 
 
 
 
 
21 
(70.0%) 
 
6 
(20.0%) 
 
3 
(10.0%) 
 
 
 
 
28 
(82.3%) 
 
4 
(11.8%) 
 
2 
(5.9%) 
.80 
Annual household income (# of    .46 
100 
patients among those who 
elected to report) 
 
Less than $35,000 
 
 
$35,000-$70,000 
 
 
>$70,000 
 
 
 
 
25 
(19.1%) 
 
31 
(23.7%) 
 
6 
(4.6% 
 
 
 
9 
(32.2%) 
 
16 
(57.1%) 
 
3 
(10.7%) 
 
 
 
16 
(47.0%) 
 
15 
(44.2%) 
 
3 
(8.8%) 
Variable All Patients 
(n=131) 
Manipulation 
Group (n=70) 
Exercise 
Group (n=61) 
p-value 
(2-tailed 
test) 
Baseline ODQ score (%) 41.2 
(10) 
41.4 
(10) 
40.9 
(11) 
.77 
Baseline NPRS score 5.8 
(2) 
5.7 
(2) 
5.9 
(2) 
.36 
Baseline FABQW subscale score 17 
(10) 
16.5 
(10) 
17.4 
(10) 
.63 
Variable All Patients 
(n=131) 
Manipulation 
Group (n=70) 
Exercise 
Group (n=61) 
p-value 
(2-tailed 
test) 
Median number of days for 
duration of current episode (25th, 
75th percentile) 
27 
(10, 65) 
22 
(9, 55) 
30 
(11, 93) 
.43 
Symptoms distal to the knee 
(# of patients) 
31 
(23.7%) 
18 
(25.7%) 
13 
(21.3%) 
.55 
Baseline total flexion range of 
motion (degrees) 
84.2 
(28) 
84.3 
(30) 
84.1 
(26) 
.97 
Positive on the CPR (i.e. at least 
4/5 criteria met) (# of patients) 
47 
(35.9%) 
23 
(32.9%) 
24 
(39.3) 
.440 
Number of drop-outs prior to the 
one-week follow-up 
6 
(4.6%) 
0 
(0%) 
6 
(9.8%) 
.007* 
Number of drop-outs prior to the 
four-week follow-up 
(cumulative) 
12 
(9.2%) 
2 
(2.9%) 
10 
(16.4%) 
.007* 
 
(Return to p. 102, 131) 
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Kolomogorov-Smirnov Z-tests were performed to assess whether continuous data approximated 
a normal distribution. Except for the duration of the current episode of LBP (p<.001), all other 
continuous variables of interest were found to approximate a normal distribution (p>.05). The 
median number of days and associated 25th and 75th percentile is reported for the duration of 
current episode of LBP. 
 
An intention-to-treat (ITT) analysis was performed to account for patients who dropped out of 
the study before the one and four-week follow-up. The last value forward method was used in 
which the patient’s last available score on the ODQ or NPRS was carried forward to the 
subsequent follow-up. All drop-outs and the specific reason for dropping out of the study are 
reported in Table 7. 
 
Table 7. Reasons for patients dropping out of study before the one- and four-week follow-up. 
 # of patients 
Reason One week Four weeks
Family emergency 1 1 
Extended time away from local area 2 2 
Excessive time constraints 
secondary to employment 
3 1 
Left place of employment 
(lost to follow-up) 
0 1 
Developed neurologic signs 
(+ SLR, myotomal weakness) 
0 1 
Total 6 6 
 
(Return to p. 103) 
 
A significantly greater number of patients dropped out of the Exercise Group before both the 
one- (6 vs. 0 patients) and four-week (four vs. two patients) follow-up (p=.007) (Table 6). One 
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patient in the Exercise Group developed an onset of neurologic signs (positive SLR and 
myotomal weakness) toward the end of the four-week treatment period and was referred for 
appropriate management. Upon detailed questioning, it does not appear this onset was related to 
his participation in the study. The remaining patients clearly dropped out for non study-related 
reasons, thus this difference in drop-out rate does not appear to be related to the intervention 
(Table 7). All 131 patients were included in the analysis. 
 
The characteristics of therapists who participated in this study are included in Table 8. 
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Table 8. Characteristics of participating therapists. Values represent the mean(SD), unless 
otherwise noted. 
n=13 Mean(SD) Range or 
Percent 
Age 32.8 
(7) 
25-47 
Gender (# of females) 2 
(15.4%) 
n/a 
Entry-level GPA 3.7 
(.28) 
3.2-4.0 
Years of experience 5.9 
(4) 
1-16 
75-100% of time spent in clinical practice 12 
(92.3%) 
n/a 
n=13 Mean(SD) Range or 
Percent 
Highest physical therapy educational degree 
 
Baccalaureate 
 
 
Entry-level master’s 
 
 
Post-professional master’s 
 
 
3 
(23.1%) 
 
8 
(61.5%) 
 
2 
(15.4%) 
n/a 
American Board of Physical Therapy Specialties (ABPTS) 
Orthopaedic Clinical Specialist (OCS) certification 
4 
(30.8%) 
n/a 
Residency training 0 
(0%) 
n/a 
n=13 Mean(SD) Range or 
Percent 
Years of experience in manual therapy 
 
< 1 year 
 
 
1-5 years 
 
 
> 5 years 
 
 
3 
(23.1%) 
 
6 
(46.2%) 
 
4 
(30.7%) 
n/a 
Fellow, American Academy of Orthopaedic and Manual Physical 
Therapists (FAAOMPT) 
2 
(15.4%) 
n/a 
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Previous experience with the technique used in this study 7 
(53.8%) 
n/a 
Subjective self-rating of manual therapy experience 
 
Novice/beginner 
 
Average to above average 
 
 
Expert 
 
 
4 
(30.7%) 
 
9 
(69.2%) 
 
0 
(0%) 
n/a 
 
(Return to p. 135, 183) 
 
Table 9 outlines the sources from which participating therapists received their training in spinal 
manipulation (i.e. high-velocity thrust techniques). 
 
Table 9. Sources from which participating therapists received their training in spinal 
manipulation (i.e. high-velocity thrust techniques). 
Therapists who report receiving at least 20 hours of training in spinal 
manipulation from the following sources (n=13) 
Number of 
therapists (%) 
Entry-level education 2 
(15.3%) 
Continuing education 11 
(84.6%) 
Pursuit of post-professional physical therapy professional degree 3 
(23.1%) 
On-the-job training or informal practice time 13 
(100%) 
 
(Return to p. 135, 183) 
 
The distribution of patients according to the number of criteria met in the CPR is illustrated in 
Figure 8. 
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Figure 8. Distribution of patients according to the number of criteria in the CPR met (n=131). 
 
The number of patients in the success and non-success groups at each level of the CPR at the 
one- and four-week follow-up is depicted in Table 10. 
 
Table 10. Number of patients who received spinal manipulation in the success and non-success 
groups at each level of the CPR at the one- and four-week follow-up. Success was defined as ≥ 
50% improvement in the ODQ score. 
 One week Four weeks 
Number of Predictor 
Variables Present 
Success Non-Success Success Non-Success 
5 2 0 2 0 
4 19 2 20 1 
3 8 13 12 9 
2 2 16 8 10 
1 0 6 2 4 
0 0 2 0 2 
 
(Return to p. 136) 
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Descriptive statistics for the outcome from treatment for patients in both groups is included in 
Table 11 and Table 12 for the ODQ and NPRS scores, respectively. 
 
Table 11. Descriptive statistics for the raw score, change score, and percent change in ODQ 
scores at a 2-3 day, one-, and four-week follow-up. Values represent the mean (standard 
deviation). Positive numbers indicate an improvement in clinical status. 
 Baseline 2-3 
days 
One 
week
Four 
weeks
2-3 
day 
change
% 
change
One-
week 
change 
% 
change
Four-
week 
change
% 
change 
Manipulation 
Group 
(n=70) 
41.4 
(10) 
31.2 
(14) 
23.8 
(14) 
17.7 
(17) 
10.2 
(13) 24.6% 
17.6 
(15) 42.5% 
23.7 
(17) 57.2% 
+CPR 
(n=23) 
44.3 
(11) 
24.6 
(15) 
13.7 
(11) 
7.5 
(7) 
19.7 
(14) 44.4% 
30.5 
(12) 68.8% 
36.7 
(12) 82.8% 
-CPR 
(n=47) 
40.0 
(10) 
34.4 
(12) 
28.7 
(13) 
22.7 
(18) 
5.6 
(9) 14% 
11.3 
(12) 28.3% 
17.3 
(15) 43.3% 
 
Exercise 
Group 
(n=61) 
40.9 
(11) 
37.2 
(12) 
33.0 
(14) 
26.0 
(18) 
3.7 
(12) 9.0% 
7.9 
(15) 19.3% 
14.9 
(19) 36.4% 
+CPR 
(n=24) 
40.5 
(11) 
38.1 
(13) 
34.2 
(14) 
22.1 
(15) 
2.4 
(13) 5.9% 
6.3 
(16) 15.6% 
18.4 
(20) 45.4% 
-CPR 
(n=37) 
41.1 
(11) 
36.7 
(12) 
32.3 
(14) 
28.6 
(19) 
4.5 
(11) 10.9% 
8.9 
(15) 21.7% 
12.6 
(19) 30.7% 
 
(Return to p. 142) 
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Table 12. Descriptive statistics for the raw score, change score, and percent change in NPRS 
scores at the one- and four-week follow-up. Values represent the mean (standard deviation). 
Positive numbers indicate an improvement in clinical status. 
 Baseline One 
week 
Four 
weeks
One-
week 
change
% 
change
Four-
week 
change
% 
change 
Manipulation 
Group 
(n=70) 
5.7 
(2) 
3.4 
(2) 
2.5 
(2) 
2.3 
(2) 40.4% 
3.2 
(3) 56.1% 
+CPR 
(n=23) 
5.9 
(2) 
2.1 
(1) 
1.0 
(1) 
3.8 
(2) 64.4% 
4.9 
(2) 83.1% 
-CPR 
(n=47) 
5.5 
(2) 
4.0 
(2) 
3.2 
(2) 
1.6 
(2) 29.1% 
2.3 
(3) 41.8% 
 
Exercise 
Group 
(n=61) 
5.9 
(2) 
4.5 
(2) 
3.6 
(2) 
1.5 
(2) 25.4% 
2.3 
(2) 39.0% 
+CPR 
(n=24) 
6.1 
(1) 
4.6 
(2) 
3.4 
(2) 
1.5 
(2) 24.6% 
2.7 
(2) 44.3% 
-CPR 
(n=37) 
5.8 
(2) 
4.4 
(2) 
3.8 
(2) 
1.5 
(2) 25.9% 
2.0 
(2) 34.4% 
 
(Return to p. 142) 
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5.1 Specific Aim 1 
Several methods were used to establish the validity of the CPR. First, data are presented to 
illustrate the accuracy of the CPR based on the study in which the CPR was originally 
developed.12 This can first be illustrated by demonstrating that an increase in the number of 
criteria a patient met was associated with significant improvement in the ODQ and NPRS at both 
the one- and four-week follow-up. However, this association did not exist among patients who 
received the stabilization exercise intervention (Table 13). 
 
Table 13. Association between the number of criteria met at baseline and changes in ODQ and 
NPRS scores at the one- and four-week follow-up. Values reflect the Pearson correlation 
coefficient, with positive numbers indicating improved pain and function with an increase in the 
number of criteria met. 
 One week 
 Change in ODQ Change in NPRS Change in ODQ Change in NPRS
Manipulation 
Group (n=70) 
.60 
(p<.001*) 
.48 
(p<.001*) 
.53 
(p<.001*) 
.47 
(p<.001*) 
Exercise 
Group (n=61) 
-.12 
(p=.322) 
-.066 
(p=.615) 
.02 
(p=.911) 
.02 
(p=.911) 
*significant at p<.05, two-tailed test 
Four weeks 
 
(Return to p. 132, 139) 
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Table 14 and Table 15 illustrates the accuracy at each level of the CPR to identify patients likely 
to benefit from spinal manipulation at the one- and four-week follow-up respectively. 
 
Table 14. Accuracy at each level of the CPR among patients who received spinal manipulation at 
the one-week follow-up. The probability of success is calculated using the positive and negative 
LR and assumes a pre-test probability of success of 44.3%. Values represent accuracy statistics 
with 95% confidence intervals for individual variables for predicting success. Success was 
defined as ≥ 50% improvement in the ODQ score. 
Number of 
Predictor 
Variables 
Present  
Sensitivity Specificity +LR Probability 
of Success 
-LR Probability 
of Success 
All five 
present 
.07 
(.02, .21) 
1.0 
(.91, 1.0) 
infinite 
(.22, infinite)
indeterminate .93 
(.79, 1.08) 
42.5% 
Four or more 
present 
.68 
(.50, .81) 
.95 
(.83, .99) 
13.2 
(3.4, 52.1) 
91.3% .34 
(.20, .57) 
21.3% 
Three or more 
present 
.94 
(.79, 98) 
.62 
(.46, .75) 
2.4 
(1.6, 3.7) 
65.6% .10 
(.03, .41) 
7.4% 
Two or more 
present 
1.0 
(.89, 1) 
.21 
(.11, .36) 
1.26 
(1, 1.6) 
50.0% 0 
(0, 1) 
approaching 
0% 
One or more 
present 
1.0 
(.89, 1.0) 
.05 
(.01, .17) 
1.05 
(.89, 1.2) 
45.5% 0 
(0, 11) 
approaching 
0% 
 
(Return to p. 136, 136, 136, 137, 137, 153) 
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Table 15. Accuracy at each level of the CPR among patients who received spinal manipulation at 
the four-week follow-up. The probability of success is calculated using the positive and negative 
LR and assumes a pre-test probability of success of 44.3%. Values represent accuracy statistics 
with 95% confidence intervals for individual variables for predicting success. Success was 
defined as ≥ 50% improvement in the ODQ score. 
Number of 
Predictor 
Variables 
Present  
Sensitivity Specificity +LR Probability 
of Success 
-LR Probability 
of Success 
All five present .05 
(.01, .15) 
1.0 
(.87, 1) 
infinite 
(.38, infinite)
indeterminate .95 
(.85, 1.13) 
43.0% 
Four or more 
present 
.50 
(.36, .64) 
 
.96 
(.81, .99) 
13.0 
(1.9, 90.9) 
 
91.2% .52 
(.38, .71) 
29.2% 
Three or more 
present 
.77 
(.63, .87) 
 
.62 
(.43, .78) 
2.0 
(1.2, 3.4) 
 
61.4% .37 
(.20, .69) 
22.7% 
Two or more 
present 
.96 
(.85, .99) 
.23 
(.11, .42) 
1.2 
(1.0, 1.5) 
48.% .20 
(.04, .91) 
13.7% 
One or more 
present 
1.0 
(.92, 1.0) 
.08 
(.02, .24) 
1.09 
(.94, 1.32) 
46.4% 0 
(0, 4) 
approaching 
0% 
 
(Return to p. 136, 137) 
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Table 16 and Table 17 represent the two-by-two contingency tables used to calculate the 
accuracy statistics for predicting patients likely to benefit from spinal manipulation at the one- 
and four-week follow-up, respectively, based on a cut-off of meeting at least 4/5 criteria in the 
CPR. 
 
Table 16. Accuracy of the CPR to identify patients likely to benefit from spinal manipulation at 
the one-week follow-up. Success was defined as ≥ 50% improvement on the ODQ. A positive 
CPR was defined as ≥ 4/5 criteria met. 
 Success Non-success Total (%) 
+CPR 
 21 2 23 (32.9%) 
-CPR 
 10 37 47 (67.1%) 
Total (%) 31 (44.3%) 39 (55.7%) 70 
 
Sn: .68 (.50, .81) 
Sp: .95 (.83, .99) 
 
+LR: 13.2 (3.4, 52.1) 
-LR: .34 (.20, .57) 
 
(Return to p. 131, 133, 135, 135, 141, 141, 151, 151, 152, 156) 
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Table 17. Accuracy of the CPR to identify patients likely to benefit from spinal manipulation at 
the four-week follow-up. Success was defined as ≥ 50% improvement on the ODQ. A positive 
CPR was defined as ≥ 4/5 criteria met. 
 Success Non-success Total (%) 
+CPR 
 22 1 23 (32.9%) 
-CPR 
 22 25 47 (67.1%) 
Total (%) 44 (62.9%) 26 (37.1%) 70 
 
Sn: .50 (.36, .64) 
Sp: .96 (.81, .99) 
 
+LR: 13.0 (1.9, 90.9) 
-LR: .52 (.38, .71) 
 
(Return to p. 132, 135) 
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Table 18 and Table 19 represent the two-by-two contingency tables used to calculate the 
accuracy statistics for predicting patients likely to benefit from spinal manipulation at the one- 
and four-week follow-up, respectively, based on a cut-off of meeting at least 3/5 criteria in the 
CPR. 
 
Table 18. Accuracy of the CPR to identify patients likely to benefit from spinal manipulation at 
the one-week follow-up. Success was defined as ≥ 50% improvement on the ODQ. A positive 
CPR was defined as ≥ 3/5 criteria met. 
 Success Non-success Total (%) 
+CPR 
 29 15 44 (62.9%) 
-CPR 
 2 24 26 (37.1%) 
Total (%) 31 (44.3%) 39 (55.7%) 70 
 
Sn: .94 (.79, 98) 
Sp: .62 (.46, .75) 
 
+LR: 2.4 (1.6, 3.7) 
-LR: .10 (.03, .41) 
 
(Return to p. 135) 
 
Table 19. Accuracy of the CPR to identify patients likely to benefit from spinal manipulation at 
the four-week follow-up. Success was defined as ≥ 50% improvement on the ODQ. A positive 
CPR was defined as ≥ 3/5 criteria met. 
 Success Non-success Total (%) 
+CPR 
 34 10 44 (62.9%) 
-CPR 
 10 16 26 (37.1%) 
Total (%) 44 (62.9%) 26 (37.1%) 70 
 
Sn: .77 (.63, .87) 
Sp: .62 (.43, .78) 
 
+LR: 2.0 (1.2, 3.4) 
-LR: .37 (.20, .69) 
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Table 20 and Table 21 represent the contingency table used to calculate the accuracy statistics 
for predicting patients likely to benefit from the stabilization exercise intervention at the one- and 
four-week follow-up, respectively, based on a cut-off of meeting at least 4/5 criteria in the CPR. 
 
Table 20. Accuracy of the CPR to identify patients likely to benefit from the stabilization 
exercise intervention at the one-week follow-up. Success was defined as ≥ 50% improvement 
on the ODQ. A positive CPR was defined as ≥ 4/5 criteria met. 
 Success Non-success Total (%) 
+CPR 
 3 21 24 (39.3%) 
-CPR 
 4 33 37 (60.7%) 
Total (%) 7 (11.5%) 54 (88.5%) 61 
 
Sn: .43 (.16, .75) 
Sp: .61 (.48, .73) 
 
+LR: 1.1(.44, 2.8) 
-LR: .94 (.48, 1.8) 
 
(Return to p. 139) 
 
Table 21. Accuracy of the CPR to identify patients likely to benefit from the stabilization 
exercise intervention at the four-week follow-up. Success was defined as ≥ 50% improvement 
on the ODQ. A positive CPR was defined as ≥ 4/5 criteria met. 
 Success Non-success Total (%) 
+CPR 
 10 14 24 (39.3%) 
-CPR 
 12 25 37 (60.7%) 
Total (%) 22 (36.0%) 39 (63.9%) 61 
 
Sn: .46 (.27, .65) 
Sp: .64 (.48, .77) 
 
+LR: 1.3(.68, 2.4) 
-LR: .85 (.54, 1.3) 
 
(Return to p. 139) 
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Table 22 represents a summary of the univariate accuracy for individual items within the CPR to 
identify patients likely to benefit from spinal manipulation at the one-week follow-up. 
 
Table 22. Summary of the univariate accuracy for individual items within the CPR to identify 
patients likely to benefit from spinal manipulation at the one-week follow-up. 
Number of 
Predictor 
Variables 
Present  
Sensitivity Specificity +LR Probability 
of Success 
-LR Probability 
of Success 
Self-report and history findings 
Duration of 
current episode 
of LBP 
(symptoms<16 
days) 
.68 
(.50, .81) 
.85 
(.70, .93) 
4.4 
(2.0, 9.6) 77.8% 
.38 
(.23, .65) 23.2% 
Extent of distal 
symptoms 
(no symptoms 
distal to the 
knee) 
.94 
(.79, .98) 
.41 
(.27, .57) 
1.6 
(1.2, 2.1) 56.0% 
.16 
(.04, .63) 11.3% 
FABQW 
subscale score 
(<19 points) 
.52 
(.35, .68) 
.39 
(.25, .54) 
.84 
(.55, 1.3) 40.1% 
1.3 
(.73, 2.2) 50.8% 
Number of 
Predictor 
Variables 
Present  
Sensitivity Specificity +LR Probability 
of Success 
-LR Probability 
of Success 
Physical Examination findings 
Segmental 
mobility testing 
(hypomobility in 
at least one 
lumbar spine 
segment) 
.97 
(.84, .99) 
.49 
(.34, .64) 
1.9 
(1.4, 2.6) 60.2% 
.07 
(.01, .47) 5.3% 
Hip IR range of 
motion 
(35° in at least 
one hip) 
.58 
(.41, .74) 
.69 (.54, 
.81) 
1.9 
(1.1, 3.3) 60.2% 
.61 
(.38, .96) 32.7 
 
(Return to p. 140, 153)
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Table 23, Table 24, Table 25, Table 26, and Table 27 represent the two-by-two contingency 
tables used to calculate the univariate accuracy statistics for individual items within the CPR to 
identify patients likely to benefit from spinal manipulation. 
 
Table 23. Accuracy of the duration of current episode of LBP to identify patients likely to benefit 
from spinal manipulation at the one-week follow-up. Success was defined as ≥ 50% 
improvement on the ODQ. Positive was defined as a duration of symptoms < 16 days. 
 Success Non-success Total (%) 
+ duration of 
symptoms 
 
21 6 27 (38.6%) 
- duration of 
symptoms 
 
10 33 43 (61.4%) 
Total (%) 31 (44.3%) 39 (55.7%) 70 
 
Sn: .68 (.50, .81) 
Sp: .85 (.70, .93) 
 
+LR: 4.4 (2.0, 9.6) 
-LR: .38 (.23, .65) 
 
(Return to p. 153) 
 
Table 24. Accuracy of the extent of distal symptoms to identify patients likely to benefit from 
spinal manipulation at the one-week follow-up. Success was defined as ≥ 50% improvement on 
the ODQ. Positive was defined as not having symptoms distal to the knee. 
 Success Non-success Total (%) 
+ extent of 
distal symptoms 
 
29 23 52 (74.3%) 
- extent of distal 
symptoms 
 
2 16 18 (25.7%) 
Total (%) 31 (44.3%) 39 (55.7%) 70 
 
Sn: .94 (.79, .98) 
Sp: .41 (.27, .57) 
 
+LR: 1.6 (1.2, 2.1) 
-LR: .16 (.04, .63) 
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(Return to p. 153) 
 
Table 25. Accuracy of the FABQW subscale score to identify patients likely to benefit from 
spinal manipulation at the one-week follow-up. Success was defined as ≥ 50% improvement on 
the ODQ. Positive was defined as a FABQW subscale score < 19 points. 
 Success Non-success Total (%) 
+ FABQW 
subscale score 
 
16 24 40 (57.1%) 
- FABQW 
subscale score 
 
15 15 30 (42.9%) 
Total (%) 31 (44.3%) 39 (55.7%) 70 
 
Sn: .52 (.35, .68) 
Sp: .39 (.25, .54) 
 
+LR: .84 (.55, 1.3) 
-LR: 1.3 (.73, 2.2) 
 
(Return to p. 140, 153) 
 
Table 26. Accuracy of segmental mobility testing to identify patients likely to benefit from spinal 
manipulation at the one-week follow-up. Success was defined as ≥ 50% improvement on the 
ODQ. Positive was defined as having at least one hypomobile segment somewhere in the lumbar 
spine. 
 Success Non-success Total (%) 
+ segmental 
mobility 
 
30 20 50 (71.4%) 
- segmental 
mobility 
 
1 19 20 (28.6%) 
Total (%) 31 (44.3%) 39 (55.7%) 70 
 
Sn: .97 (.84, .99) 
Sp: .49 (.34, .64) 
 
+LR: 1.9 (1.4, 2.6) 
-LR: .07 (.01, .47) 
 
(Return to p. 153) 
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Table 27. Accuracy of hip internal rotation range of motion to identify patients likely to benefit 
from spinal manipulation at the one-week follow-up. Success was defined as ≥ 50% 
improvement on the ODQ. Positive was defined as a having at least one hip with > 35° of hip 
internal rotation range of motion. 
 Success Non-success Total (%) 
+ Hip IR 
range of 
motion 
 
18 12 30 (42.9%) 
- Hip IR range 
of motion 
 
13 27 40 (57.1%) 
Total (%) 31 (44.3%) 39 (55.7%) 70 
 
Sn: .58 (.41, .74) 
Sp: .69 (.54, .81) 
 
+LR: 1.9 (1.1, 3.3) 
-LR: .61 (.38, .96) 
 
(Return to p. 153) 
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In addition to the typical ANOVA assumptions of normality, independence, and homogeneity of 
variance, Mauchly’s test assesses the additional assumption of sphericity associated with a 
repeated-measures design.266 This assumption holds that that the variances of differences for all 
pairs of levels of the repeated-measures factor (i.e. Time in this study) are equal. This 
assumption was not supported for both the ODQ and NPRS in this study, represented by the 
significant p-values depicted in Table 28. Unequal variances can result in a 2-3% increase in the 
probability of committing a Type-I error over that associated with the p-value for the case in 
which sphericity is assumed.267 
 
Table 28. Mauchly’s test of sphericity for the repeated measures factor, Time. 
Dependent 
Variable 
Mauchly’s W Approximate χ2 d.f. p-value Epsilon - 
Greenhouse-
Geisser 
Epsilon - 
Huynh-
Feldt 
ODQ .902 12.976 2 .002 .911 .945 
NPRS .892 14.428 2 .001 .902 .936 
 
The Huynh-Feldt268 and Greenhouse-Geisser269 corrections have been proposed to account for a 
departure from the sphericity assumption. This correction is achieved by increasing the critical F-
value by decreasing the degrees of freedom used to determine the critical F-value. Therefore, the 
calculated F -value must he higher to achieve significance, compensating for the increased 
probability of committing a Type-I error when the sphericity assumption is violated. It has been 
shown that the Greenhouse-Geisser epsilon is overly conservative, thus the Huynh-Feldt epsilon 
appears to provide a more accurate estimate of the actual probability of committing a Type-I 
error.268 However, in this case, the results are the same regardless of which correction is used. 
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The overall three-way CPR*Intervention*Time interaction from the repeated measures 
MANOVA was significant at an α-level=.05 (p<.001) (Table 29). 
 
Table 29. Summary table of the repeated measures MANOVA for the three-way 
CPR*Intervention*Time interaction. 
Source of Variance Value Hypothesis 
df 
Error 
df 
F p-value 
CPR*Intervention*Time .932 4 506 4.52 <.001* 
*significant at α-level=.05 (p-value associated with Wilks’ lambda) 
 
(Return to p. 137, 142) 
 
The univariate repeated measures ANOVA for each dependent variable also demonstrates a 
significant three-way CPR*Intervention*Time interaction for both the ODQ and NPRS in Table 
30 and Table 31, respectively. An α-level of .025 was attributed to each of the two dependent 
variables. 
 
Table 30. Summary table of the univariate repeated measures ANOVA for the three-way 
CPR*Intervention*Time interaction for the ODQ. 
Source of Variance SS df MS F p-
value 
CPR*Intervention*Time 1808.6 2 904.3 8.54 <.001* 
Error 26,908.7 254 105.9   
*significant at α-level=.025 (p-value associated with Huynh-Feldt 
correction) 
 
(Return to p. 137) 
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Table 31. Summary table of the univariate repeated ANOVA for the three-way 
CPR*Intervention*Time interaction for the NPRS. 
Source of Variance SS df MS F p-value 
CPR*Intervention*Time 21.5 2 10.8 5.16 <.008* 
Error 530 254 2.1   
*significant at α-level=.025 (p-value associated with Huynh-Feldt 
correction) 
 
(Return to p. 137) 
 
After the overall F-test was performed for both the repeated measures MANOVA and the two 
univariate ANOVAs, the simple effects of interest for the CPR on intervention were analyzed 
and graphed. Because of the difficulty in visualizing a three-way interaction (which requires a 
three-dimensional graph), the independent variables of CPR and intervention were collapsed into 
four groups as follows: 
1. +CPR (Manipulation Group) 
2. -CPR (Manipulation Group) 
3. +CPR (Exercise Group) 
4. -CPR (Exercise Group) 
This resulted in a plot of four cell means across three points in time, 1) baseline, 2) one-, and 3) 
four-week follow-up. Figure 9 and Figure 10 represent the plot for the ODQ and NPRS scores, 
respectively. 
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Figure 9. Two-dimensional graphical representation of the three way CPR*Intervention*Time 
interaction for the ODQ score (p<.001). 
(Return to p. 125, 138, 139) 
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Figure 10. Two-dimensional graphical representation of the three way CPR*Intervention*Time 
interaction for the NPRS score (p<.001). 
(Return to p. 125, 138, 139) 
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The following three comparisons were made at both the one- and four-week follow-up for the 
ODQ and NPRS scores (Table 32 and Table 33, respectively). 
1. +CPR (Manipulation Group) vs. -CPR (Manipulation Group) 
2. +CPR (Manipulation Group) vs. +CPR (Exercise Group) 
3. +CPR (Exercise Group) vs. -CPR (Exercise Group) 
Table 32. Planned pairwise comparisons of the simple effects of CPR on Intervention for the 
ODQ at the one- and four-week follow-up. The superscripts are depicted in Figure 9. 
One week Four weeks  
Difference p-value Difference p-value 
+CPR (Manipulation Group) vs. 
-CPR (Manipulation Group) 
15.0cd 
(2.5 MCID**) 
<.001* 15.2gh 
(2.5 MCID**) 
<.001* 
+CPR (Manipulation Group) vs. 
+CPR (Exercise Group) 
20.4ad 
(3.4 MCID**) 
<.001* 14.6eh 
(2.4 MCID**) 
.003* 
+CPR (Exercise Group) vs. 
-CPR (Exercise Group) 
-1.9ab 
(-.32 MCID**) 
.584 6.6ef 
(3.3 MCID**) 
.127 
*p-value associated with the Bonferroni inequality significant at family-wise α-level=.05 
**The MCID for the ODQ has been demonstrated to be 6%.210 
 
(Return to p. 138, 138, 139, 142, 143) 
 
Table 33. Planned pairwise comparisons of the simple effects of CPR on Intervention for the 
NPRS at the one- and four-week follow-up. The superscripts are depicted in Figure 10. 
One week Four weeks  
Difference p-value Difference p-value 
+CPR (Manipulation Group) vs. 
-CPR (Manipulation Group) 
1.8cd 
(.9 MCID**) 
<.001* 2.1gh 
(1.1 MCID**) 
<.001* 
+CPR (Manipulation Group) vs. 
+CPR (Exercise Group) 
2.5ad 
(1.3 MCID**) 
<.001* 2.3eh 
(1.2 MCID**) 
<.001* 
+CPR (Exercise Group) vs. 
-CPR (Exercise Group) 
-.26ab 
(-.13 MCID**) 
.622 .38ef 
(.19 MCID**) 
.515 
*p-value associated with the Bonferroni inequality, significant at a family-wise α-level=.05 
**The MCID for the NPRS has been demonstrated to be two points.270 
 
(Return to p. 138, 138, 139, 142, 143) 
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Although the Bonferroni procedure is a more liberal test in the sense that it gives the researcher 
credit for planning comparisons in advance,262 the results are identical to the more conservative 
Scheffé post hoc multiple comparisons procedure that is commonly used for post hoc (i.e. 
unplanned) comparisons. 
5.2 Specific Aim 2 
This aim was not examined because the three-way CPR*Intervention*Time interaction was 
significant, thus interpretation of the main effect of Intervention is not meaningful. Outcome 
from manipulation depends upon a patient’s status with respect to the CPR. 
5.3 Specific Aim 3 
Improvement on the ODQ and NPRS for the one-week follow-up based on the patient’s status 
with respect to the spinal manipulation CPR is depicted in Figure 11 and Figure 12, respectively. 
Improvement at the four-week follow-up is depicted in Figure 13 and Figure 14, respectively. 
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Figure 11. Improvement on the ODQ for the one-week follow-up based on the patient’s status 
with respect to the spinal manipulation CPR. Improvement was defined as the change in 
disability from baseline to the one-week follow-up (ODQone-week - ODQbaseline) 
(Return to p. 142) 
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Figure 12. Improvement on the NPRS for the one-week follow-up based on the patient’s status 
with respect to the spinal manipulation CPR. Improvement was defined as the change in pain 
from baseline to the one-week follow-up (NPRSbaseline - NPRSone-week) 
(Return to p. 142) 
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Figure 13. Improvement on the ODQ for the four-week follow-up based on the patient’s status 
with respect to the spinal manipulation CPR. Improvement was defined as the change in 
disability from baseline to the four-week follow-up (ODQfour-week - ODQbaseline) 
(Return to p. 142) 
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Figure 14. Improvement on the NPRS for the four-week follow-up based on the patient’s status 
with respect to the spinal manipulation CPR. Improvement was defined as the change in pain 
from baseline to the four-week follow-up (NPRSbaseline - NPRSfour-week) 
(Return to p. 142) 
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Effect sizes of spinal manipulation for the ODQ and NPRS were calculated at the one- and four-
week follow-up and are depicted in Table 34 and Table 35, respectively. An effect size was first 
calculated as as the difference in final scores at each follow-up period among all patients who 
received spinal manipulation compared to all patients who received the stabilization exercise 
intervention. A second effect size was calculated at each follow-up period as the difference in 
final score among only patients who were positive on the CPR and received spinal manipulation 
compared to all patients who received the stabilization exercise intervention.  
 
Table 34. Effect size and associated 95% confidence intervals for the ODQ scores at the one- and 
four-week follow-up. Higher effect sizes represent improvements favoring patients who received 
spinal manipulation. 
 One week p-value Four weeks p-value 
All patients 
(n=70) 
.65 
(.30, 1.00) 
<.001* .48 
(.13, .83) 
.01* 
+CPR 
(n=23) 
1.45 
(.92, 1.97) 
<.001* 1.18 
(.67, 1.69) 
<.001* 
*significant at an α-level=.05 
 
(Return to p. 143, 143, 143) 
 
Table 35. Effect size and associated 95% confidence intervals for the NPRS scores at the one- 
and four-week follow-up. Higher effect sizes represent improvements favoring patients who 
received spinal manipulation. 
 One week p-value Four weeks p-value 
All patients 
(n=70) 
.47 
(.13, .82) 
.01* .46 
(.12, .81) 
.01* 
+CPR 
(n=23) 
1.13 
(.62, 1.64) 
<.001* 1.26 
(.74, 1.77) 
<.001* 
*significant at an α-level=.05 
 
(Return to p. 143, 143, 143) 
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 The number-needed-to-treat (NNT) statistic based on the patient’s status with respect to the CPR 
is reported in Table 36. This was calculated as the number of patients a clinician must treat with 
spinal manipulation to avoid one adverse outcome, defined as the patient failing to achieve at 
least a 50% improvement in the ODQ by the one- and four-week follow-up. 
 
Table 36. NNT based on the patient’s status with respect to the CPR. An “adverse” outcome was 
defined as the patient failing to achieve at least a 50% improvement in the ODQ by the one- and 
four-week follow-up. 
 One-week Four-week 
All patients (n=131) 3.1 
(2.2, 5.7) 
3.7 
(2.4, 10.4) 
Only +CPR patients (n=47) 1.3 
(1.1, 1.9) 
1.9 
(1.4, 3.5) 
Only -CPR patients (n=84) 9.6 
(3.9, Infinity)
7.0 
(3.0, Infinity)
 
(Return to p. 180, 180, 180, 180, 180) 
 
6. Discussion 
6.1 Random Manipulation of Patients with Low Back Pain 
Among all patients in the study, 35.9% (47/131) met at least 4/5 criteria in the CPR (Table 6). 
This is similar to the results of the initial study that developed the CPR12 in which 30% (21/71) 
of patients met at least 4/5 criteria. Among only patients who received spinal manipulation, 
44.3% (31/70) achieved at least a 50% improvement in the ODQ at the one-week follow-up, 
regardless of their status with respect to the CPR (Table 16). In other words, if clinicians were to 
randomly manipulate patients with non-radicular LBP, they can expect to achieve at least a 50% 
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improvement in the ODQ within one week approximately 44% of the time. Again, this is similar 
to the initial study’s findings12 in which 45% (32/71) of patients achieved at least a 50% 
improvement regardless of their status with respect to the CPR. By the four-week follow-up, 
63% of patients (44/70) who received spinal manipulation had experienced at least a 50% 
improvement in the ODQ (Table 17). Randomly manipulating patients with LBP will result in at 
least a 50% improvement in the ODQ by the end of one week approximately 45% of the time. 
Thus it could be reasonably argued that based on the probability of chance alone, an attempt at 
spinal manipulation is warranted for all patients with non-radicular LBP. A single intervention is 
rearely used for patients with LBP, thus therapists may recommend other intervention strategies 
to complement manipulation or for patients who do not improve. 
6.2 Accuracy of the Spinal Manipulation Clinical Prediction Rule 
Although intuitively attractive because of its simplicity, a random approach does not seem 
justified in light of evidence for a simple CPR that can improve decision-making and accurately 
establish a patient’s prognosis after receiving spinal manipulation. As a first approximation of 
the CPR’s validity, one can assess the association between the number of criteria met in the CPR 
and outcome. If the CPR is related to outcome, a linear association between the number of 
criteria met and outcome from treatment might be suspected. For patients who received spinal 
manipulation, an increase in the number of criteria was significantly associated with improved 
pain (r=.48, p<.001) and function (r=.60, p<.001) at the one-week follow-up, and a similar 
finding is observed for the four-week follow-up (Table 13). 
 
However, the primary objective of the CPR is to increase the post-test probability of success 
sufficiently to influence decision-making. Because this study sought primarily to identify 
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patients likely to benefit from spinal manipulation, the primary statistic of interest was the 
positive LR. The positive LR expresses the change in odds favoring the outcome when the 
patient meets the criteria in the CPR.226 An accurate CPR should therefore have a large positive 
LR. According to Jaeschke et al227 accuracy can be considered moderate when the positive LR is 
greater than 5.0. Accuracy is substantial when the positive LR is greater than 10.0.227 
 
Similar to the findings in the initial study that developed the CPR,12 a threshold of at least 4/5 
criteria met in the CPR maximizes the positive LR in distinguishing between patients who are 
classified as a success (≥50% improvement on the ODQ) and non-success (<50% improvement 
on the ODQ) with spinal manipulation, yielding a positive LR and 95% confidence interval of 
13.2 (3.4, 52.1) (Table 16). Based on a pre-test probability of success of 44.3%, patients who 
meet at least 4/5 criteria in the CPR and receive spinal manipulation have a 91.3% chance of 
achieving at least a 50% improvement one-week after treatment, representing an increase in 
probability on the order of 50% (Figure 15). 
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 Figure 15. Fagin’s nomogram illustrating the shift in post-test probability from 44.3% to 91.2% 
at the one-week follow-up for patients positive on the CPR who receive spinal manipulation 
(positive LR=13.2). 
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A positive LR for 4/5 criteria of 13.2 (Table 16) is smaller than the positive LR of 24.4 (4.63, 
139.4) observed in the initial study that developed the CPR.12 It is possible that the drop in the 
positive LR in this validation study may partially be attributed to the use of 13 examiners of 
varying levels of experience (Table 8 and Table 9) distributed across 8 clinical sites, thus likely 
increasing the overall measurement error. Different therapists may also apply the CPR and 
perform the manipulative intervention slightly differently. However, the 91.2% post-test 
probability observed in this study is only slightly smaller than the 95% post-test probability 
demonstrated in the initial study.12 More importantly, this level of certainty clearly seems 
adequate to influence decision-making, and the almost negligible decrease in accuracy seems to 
be well worth the increased generalizability of the CPR by using multiple examiners and clinical 
sites. Even if the lower bound of the 95% confidence interval of 3.4 is presumed to be the point 
estimate (Table 16), the post-test probability of success is 73.0%, which still seems adequate to 
justify an attempt at spinal manipulation. Similar levels of accuracy were observed at the four-
week follow-up (Table 17), supporting the prognostic value of the CPR at a longer follow-up 
than was initially studied.12 
 
When the threshold for defining a positive CPR is reduced to having at least 3/5 criteria met, the 
positive LR was 2.4 (1.6, 3.7), resulting in a 65.6% post-probability of success at the one-week 
follow-up (Table 18). This is also similar to the positive LR of 2.6 (1.8, 4.2) (68% probability of 
success) observed in the study that developed the CPR.12 Given the ease with which the CPR is 
applied and manipulative intervention can be performed, and in light in the extremely low 
risks,124,173,174,176 an argument can easily be made that this level of probability is still sufficient to 
justify an attempt at spinal manipulation. 
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 Patients who met fewer than 3/5 criteria are less likely to benefit from spinal manipulation. 
Similar to the findings in the study that developed the CPR,12 when less than three criteria were 
met among patients in this study, the probability of success is essentially no better than the 
probability of success if you were to randomly manipulate patients with non-radicular LBP 
(Table 14). Only two patients who met 2/5 criteria achieved at least a 50% improvement in the 
ODQ at the one-week follow-up, and no patients who met only one (n=6) or none (n=2) of the 
criteria were classified as a success (Table 10). Thus the clinician may want to consider other 
interventions with a higher probability of success for these patients. Similar levels of accuracy 
are observed at the four-week follow-up (Table 15), supporting the prognostic value of the CPR 
at a longer follow-up than was initially studied.12 
 
Although the positive LR was the primary statistic of interest, there is also some value in the 
interpretation of the negative LR. The negative LR expresses the change in odds favoring the 
outcome when the patient does not meet the criteria in the CPR.226 An accurate CPR should 
therefore have a small negative LR. According to Jaeschke et al227 accuracy can be considered 
moderate when the negative LR is less than .20. Accuracy is substantial when the negative LR is 
less than .10.227 The negative LR for achieving at least a 50% improvement in the ODQ at the 
one-week follow-up was .34 (.20, .57) for patients who did not meet at least 4/5 criteria in the 
CPR (Table 14). Based on a pre-test probability of success of 44.3%, the post-test probability of 
success for these patients is reduced to 21.3% (Table 14). Although perhaps not a definitive shift 
in probability, clinicians can be less certain that spinal manipulation will be effective when the 
patient has less than 4/5 criteria. However, the negative LR becomes more meaningful when 
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even fewer criteria in the CPR are met. The negative LR was .10 (.03, .41) for patients who met 
fewer than three criteria in the CPR, reducing the post-test probability of success to only 7.4% 
(Table 14). This is likely a definitive shift in probability where the clinician is more certain the 
patient will not likely benefit from spinal manipulation. With fewer than two criteria met, the 
post-test probability approaches 0%, suggesting that clinicians should consider other 
interventions for patients who meet none or only one criterion in the CPR (Table 14). Similar 
negative LRs are observed at the four-week follow-up (Table 15), supporting the prognostic 
value of the CPR at a longer follow-up than was initially studied.12 
6.3 Outcome from Spinal Manipulation Depends upon the Clinical Prediction Rule 
The significant three-way CPR*Intervention*Time interaction for the overall repeated measures 
MANOVA (p<.001) supports the notion that outcome from spinal manipulation depends upon 
the patient’s status with respect to the CPR (Table 29). The univariate repeated measures 
ANOVA for the three-way CPR*Intervention*Time interaction was also significant for the ODQ 
(p<.001) (Table 30) and NPRS (p<.008) (Table 31). If the spinal manipulation CPR is to be 
useful for decision-making to identify patients likely to benefit from this intervention, patients 
classified as positive on the CPR and receive spinal manipulation should demonstrate improved 
outcomes compared to patients classified as negative on the CPR and receive spinal 
manipulation, and compared to patients classified as positive on the CPR but receive an 
alternative approach such as a stabilization exercise intervention. This was in fact the case. 
Patients classified as positive on the CPR and received spinal manipulation achieved 2.5 times 
the MCID of 6 points on the ODQ compared to patients classified as negative on the CPR and 
received spinal manipulation, and 3.4 times the MCID compared to patients classified as positive 
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on the CPR but received the stabilization exercise intervention alone (p<.001) (Figure 9, Table 
32). Similar results were observed for the NPRS scores (p<.001) (Figure 10, Table 33). 
 
The final outcome assessment in the initial study that developed the CPR12 was approximately 
one week. However, the results from this validation study were also maintained at the four-week 
follow-up for both the ODQ (p<.003) and NPRS (p<.001) (Table 32 and Table 33, respectively). 
This suggests the CPR continues to be useful in establishing a patient’s prognosis from spinal 
manipulation beyond a relatively short-term one-week follow-up. Further study will establish the 
value of the CPR to predict outcome at a 6-month follow-up. 
6.3.1 Clinical Prediction Rule Does Not Predict Favorable Natural History 
For classification to be meaningful, a CPR that identifies patients likely to benefit from a specific 
intervention needs to distinguish between patients who may not alternatively benefit from the 
passage of time, or more importantly, between a competing intervention that also has some 
evidence for its effectiveness. Because no control group was included in the initial study that 
developed the CPR,12 a case could be made that the criteria were merely identifying patients with 
a favorable natural history. In other words, patients who met the criteria in the CPR may have 
been likely to benefit from a variety of interventions or the passage of time, thus improvement 
could not solely be attributed to receiving spinal manipulation. This validation study directly 
assesses the tenability of this notion because patients in the control group did not receive a sham 
placebo intervention or no treatment at all. Rather, they completed a legitimate, competing 
alternative stabilization exercise intervention, which clearly has shown to be effective for 
patients with LBP.271 
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If the CPR were merely predicting the favorable natural history if LBP, an association between 
outcome from the stabilization exercise intervention and the number of criteria met in the CPR 
should exist. However, an association did not exist at either the one- or four-week follow-up 
(Table 13). More specifically, if the CPR were simply predicting the favorable natural history of 
LBP, it should accurately distinguish between patients likely to benefit from a variety of 
interventions, or perhaps from simply the passage of time. In this study, a patient’s status with 
respect to the CPR should accurately identify patients likely to benefit from the stabilization 
exercise intervention if improvements could be attributed to a favorable natural history. 
However, this was not the case. The positive LR for identifying patients likely to benefit from 
the stabilization exercise intervention at the one-week follow-up was only 1.1 (.44, 2.8) (Table 
20). A similarly small positive LR of 1.3 (.68, 2.4) exists for prediction of outcome from the 
stabilization exercise intervention at the four-week follow-up (Table 21). A positive LR close to 
one suggests small shifts in the post-test probability of success from the intervention that is not 
useful for decision-making.227 This was confirmed in the analysis of the simple effects from the 
three-way ANOVA. There was no difference in outcome on the ODQ at the one- (p=.584) or 
four-week (p=.127) follow-up among patients who received the stabilization exercise 
intervention alone based on the patient’s status with respect to the CPR (Figure 9, Table 32). 
Similar non-significant effects were observed for the NPRS at the one- and four-week follow-up 
(Figure 10, Table 33). Therefore, the results of this study clearly support the notion that the CPR 
is identifying patients likely to benefit from spinal manipulation rather than predicting the 
favorable natural history of LBP. 
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6.4 The Role of the Fear-Avoidance Beliefs with Spinal Manipulation 
Of all the individual criteria in the CPR, the patient’s score on the FABQW subscale has the least 
univariate diagnostic accuracy (Table 22 and Table 25). It seems reasonable to suspect that the 
overall accuracy of the CPR would increase if this criterion was removed from the CPR. If a 
modified CPR is developed using the presence of at least 3/4 criteria to qualify as being positive 
on the CPR, the following two-by-two contingency table is generated for the one-week follow-up 
(Table 37). 
 
Table 37. Accuracy of a modified CPR to identify patients likely to benefit from spinal 
manipulation at the one-week follow-up. Success was defined as ≥ 50% improvement on the 
ODQ. A positive CPR was defined as ≥ 3/4 criteria met. The FABQW subscale score is 
excluded. 
 Success Non-success Total (%) 
+CPR 
 26 6 32 (45.7%) 
-CPR 
 5 33 38 (54.3%) 
Total (%) 31 (44.3%) 39 (55.7%) 70 
 
Sn: .84 (.67, .93) 
Sp: .85 (.70, .93) 
 
+LR: 5.5 (2.6, 11.6) 
-LR: .19 (.08, .43) 
 
(Return to p. 140, 140, 140, 141) 
 
However, rather than increasing, the positive LR to identify patients likely to benefit from spinal 
manipulation at the one-week follow-up drops to 5.5 (Table 37), from the original positive LR of 
13.2 found when all five criteria are considered (Table 37). Interestingly, ignoring the FABQW 
subscale score actually results in five additional true positive findings (26 vs. 21), increasing the 
sensitivity of the CPR to .84 (Table 37), compared to a sensitivity of .68 when the FABQW 
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subscale score is considered (Table 16). However, this 17% increase in sensitivity comes at the 
expense of four additional false positive findings (6 vs. two), resulting in a 10% decrease in 
specificity (.95 to .85) (Table 16 and Table 37, respectively). This 10% decrease in specificity 
causes the denominator in the calculation of the positive LR (Sn/[1-Sp]) to become larger, 
resulting in an overall smaller positive LR. In other words, a drop in specificity has a more 
detrimental impact on the positive LR than does a similar increase in sensitivity. Practically 
speaking, the four additional patients classified as being a false positive when the FABQW 
subscale score is ignored all tended to have high FABQW subscale scores. This suggests that 
patients with high fear-avoidance beliefs generally may not benefit from spinal manipulation. 
Recent evidence suggests that these patients seem to benefit from a psychosocial treatment 
approach rather than a more traditional biomedical model.272 The value of the FABQW subscale 
appears to be in its ability to identify patients with very high scores as being unlikely to benefit 
from manipulation, thus contributing to an overall increased accuracy of the CPR, despite its 
relatively poor diagnostic accuracy when considered in a univariate fashion. Future work from 
this study can explore whether an upward increase in the cut-off score would be useful to 
improve the overall accuracy of the CPR, examine the influence of fear-avoidance beliefs on 
outcome from spinal manipulation, and determine if fear-avoidance beliefs change in response to 
spinal manipulation. 
6.5 Increasing the Power of Clinical Research 
It has been suggested that classification will enhance the power of clinical research by permitting 
researchers to study more homogenous groups of patients;162,163 however, to our knowledge, this 
notion has not been explicitly examined. This is important because a more powerful study will 
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enhance the likelihood of identifying evidence for the effectiveness of an intervention, when a 
treatment effect might otherwise be masked in a more heterogeneous sample. 
6.5.1 Descriptive Illustration of the Value of Classification 
Descriptive statistics for the improvements in pain and function can be viewed in Table 11 and 
Table 12 to illustrate the value of classification. These data are also represented visually in 
Figure 11, Figure 12, Figure 13, and Figure 14. Improvements in both pain and function were 
larger among patients classified as positive on the CPR and received spinal manipulation 
compared to patients classified as negative on the CPR and received spinal manipulation, and 
compared to patients classified as positive on the CPR and received the stabilization exercise 
intervention (Table 32 and Table 33). These results illustrate the value of classification to 
improve decision-making. 
6.5.2 Inferential Illustration of the Value of Classification 
The existence of a significant three-way CPR*Intervention*Time interaction is perhaps the best 
inferential illustration of the meaningfulness of classification (Table 29). Based on the significant 
interaction, it is incorrect to suggest that manipulation in general is better than a spinal 
stabilization exercise alone. Rather, outcome from spinal manipulation depends upon a patient’s 
status with respect to the CPR, supporting the value of the classification process to improve 
decision-making. 
6.5.3 Illustration of the Value of Classification Using Effect Sizes 
An effect size is a standardized measure of change, and is important for the determination of 
sample size for clinical studies. However, an additional means to illustrate the value of 
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classification can be observed by comparing the effect size and associated 95% confidence 
interval among all patients who received spinal manipulation versus only those classified as 
positive on the CPR. Table 34 depicts the effect size and associated 95% confidence intervals at 
the one- and four-week follow-up for the ODQ. A similar table is provided for the NPRS (Table 
35). When only patients classified as positive on the CPR are considered, the effect size favoring 
spinal manipulation was twice as large than when the CPR is ignored. Although the effect size 
itself remains significant for both the ODQ and NPRS even when all patients are included 
(p=.01) (Table 34 and Table 35), this may not occur when classification for interventions with a 
smaller effect is examined. 
 
Interestingly, the confidence intervals between the two effect sizes for both the ODQ (Table 34) 
and the NPRS (Table 35) slightly overlap, thus a definitive statement cannot be made that they’re 
statistically different. However, there is an imbalance in the sample size between the groups (23 
vs. 61 patients), which results in a wider confidence interval around the effect size for patients 
classified as positive on the CPR (n=23) than if the groups were more even. In fact, increasing 
the number of patients classified as positive on the CPR to 34 is sufficient to avoid any overlap 
in the confidence intervals for both the ODQ and NPRS. More importantly, the differences in the 
raw scores are clearly clinically meaningful (Table 32 and Table 33). 
 
The results of this study support the notion that the power of clinical research for patients with 
LBP can be improved if patients are classified prior to the intervention. The failure to adequately 
consider the importance of classification is illustrated in the results of a recent systematic 
review138 conducted by investigators at the RAND corporation. They concluded that spinal 
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manipulation does not appear to be more effective than other interventions. Based on the 
apparently conclusive negative results of this review in their opinion, they further question the 
need for future clinical trials related to spinal manipulation. This seems to be a dramatic shift in 
guidance compared to previous results of the authors’ own reviews that suggest at least a short-
term benefit for spinal manipulation compared to other active interventions.69,119,122,124,129 
Perhaps more importantly, the current review gives scant attention to the notion that a subgroup 
of patients likely to benefit may exist. The authors conclude the following: 
 
“While not all of the 95% [confidence intervals] in our analysis exclude improvements of 
moderate clinical importance, most do. We interpret this to mean that spinal manipulative 
therapy is very unlikely to be a particularly effective therapy for any group of patients with back 
pain. While it is conceivable that spinal manipulative therapy is very effective for a subgroup of 
patients with back pain, this subgroup is probably small.” 
 
This is an interesting conclusion given that no effort was made to directly examine this 
hypothesis. Additionally, based on the positive results of their own previous reviews, they felt 
compelled to make the case that future research is needed to identify this subgroup.69,124 
 
Rather than negating the need for future research, the results of this review138 beg for future 
studies to match individual patients to interventions with a high probability of success. Given the 
authors’ purpose was to assess only RCT evidence, it is understandable that the initial study that 
developed the spinal manipulation CPR12 was not cited. However, the results of this study12 
clearly suggest that this subgroup of patients exists, and that they can be accurately identified 
144 
prior to treatment. Based on the detection of an interaction in this validation study, the results of 
this validation study support the interpretation of Assendelft et al138 that spinal manipulation is 
not more effective than other interventions in general. However, the results clearly suggest that a 
subgroup of patients likely to benefit from this intervention can be accurately identified prior to 
treatment. Based on the results of the screening examination, and using the presence of at least 
4/5 criteria to classify a patient as being positive on the CPR, this subgroup may consist of 
roughly 10% (47/543) of patients with LBP. However, this is a conservative estimate based on 
our strict inclusion criteria of a minimum 30% ODQ score at baseline. Presuming the CPR is 
useful at lower levels of disability, this subgroup may in reality make up 20-30% of patients with 
LBP, suggesting this subgroup also may not be so small. Although hypothetical, if the studies in 
this review138 had considered these characteristics in their inclusion criteria, a positive effect 
would have likely been detected. Without regard for the classification process, healthcare 
practitioners, policy makers, and patients who read the results of a review138 published in a well-
respected journal by authors whose interpretation may be viewed as authoritative and final may 
be falsely misled to believe that spinal manipulation is not effective for any patient with LBP. 
6.6 Application of Clinical Prediction Rule to Individual Patients with Low Back Pain 
A total of 543 patients were screened for participation in this study, 29% of which (157/543) of 
which were eligible for participation. This means that 71% of patients (386/543) with LBP were 
excluded from the study. At first glance, one might question the ability to apply the CPR in a 
broad spectrum of patients with LBP when 71% of patients were excluded. Clearly, therapists 
should consider not applying the CPR to patients with LBP who meet one of the exclusion 
criteria used in this study such as having positive neurologic signs or another red flag that might 
preclude spinal manipulation as a potential treatment option (i.e. tumor, metabolic diseases, RA, 
145 
osteoporosis, prolonged history of steroid use, etc.) However, only roughly 10% of patients with 
LBP fall into one of these categories (Figure 6). In contrast, 37% of all patients (202/543) who 
were screened and 52.3% of all ineligible patients (202/386) were excluded for not having at 
least a baseline ODQ score of 30%. As previously discussed, a higher threshold of baseline 
disability was incorporated to enable relatively large magnitudes of clinical change to occur, thus 
minimizing the potential for a floor effect. Given the intent of the CPR to identify patients who 
experience clinically important changes in disability, application of the CPR clearly becomes 
less useful at lower levels of disability. For example, although an improvement from 10% on the 
ODQ at baseline to 5% after treatment represents a 50% improvement, this magnitude of change 
falls below the MCID of 6 points that has been established for this instrument.210 Strictly 
speaking, one could argue that the CPR should not be applied in patients with less than a 30% 
ODQ score at baseline. To be clear, no data is available to establish a minimum level of 
disability, below which application of the CPR is no longer useful for decision-making. 
However, it is likely that the CPR can continue to be useful for some patients with LBP who 
have less than a baseline ODQ score of 30%. For example, to be conservative, few would argue 
that an improvement of three times the MCID for the ODQ (i.e. an 18-point improvement) over 
such a short period of time can be attributed to the favorable natural history of LBP. Based on 
this consideration, the chance to observe this magnitude of improvement diminishes once 
patients fall below a baseline ODQ of 20%. Additionally, patients with levels of disability below 
20% may more likely represent patients with chronic LBP, who may be more likely to benefit 
from another intervention such as a stabilization exercise intervention.225 Based on this rationale, 
and in light of the overall safety of manipulation in patients who do not have neurologic signs or 
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another red flag, it is suggested that the CPR is likely still useful for patients with LBP who have 
at least a baseline ODQ score of 20%. 
 
Perhaps one of the greatest strengths of the spinal manipulation CPR is that it can be applied to 
an individual patient. All patients who received spinal manipulation were treated with the same 
manipulative intervention and then classified as being a success or non-success based on whether 
they achieved at least a 50% improvement in the ODQ, which represents a relatively high 
threshold of improvement that ensures clinically meaningful change occurred. The accuracy 
statistics that were calculated can be used for decision-making to identify patients likely to 
benefit from spinal manipulation. Unlike classic hypothesis testing which involves the 
comparison of group means using classic inferential statistical procedures such as the t-test and 
analysis of variance, values for sensitivity, specificity, and positive and negative likelihood ratios 
are based on the individual patient, thus their interpretation can be readily applied to a single 
patient. Importantly, the spinal manipulation CPR is the first prediction rule to identify 
individual patients likely to benefit from this intervention. 
6.6.1 Spinal Manipulation Not for All Patients with Low Back Pain 
The results of this study do not advocate the use of manipulation as a panacea for patients with 
LBP, nor do they indicate that manipulation is the only intervention that should be considered for 
patients who satisfy 3-4 criteria in the CPR. In fact, the findings by Fritz et al239 suggest there are 
a cluster of several findings that can be identified a priori identified in the history and physical 
examination, which if detected in a patient with LBP, suggests that an alternative treatment with 
a higher probability of success may be warranted. Even patients who meet all five criteria in the 
CPR will likely need other interventions to complement the use of manipulation to maximize the 
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patient’s outcome. The CPR is intended to identify which patients will receive a large initial 
benefit from manipulation and does not predict the patient’s long-term prognosis. This point can 
be highlighted based on the history and physical examination findings from Patient #1 in the 
previously discussed case report,66 who was suspected to have segmental instability of the 
lumbar spine based on his history of chronic LBP and positive response to a previous 
rehabilitation program consisting of spinal stabilization exercises. Some therapists may have 
chosen not to manipulate this patient based solely on the impression that spinal manipulation 
would not be helpful, and even perhaps harmful, for a patient with suspected segmental 
instability. However, consideration of the patient’s status with respect to the CPR helped guide 
the selection of an intervention when, without this information, the therapist may have 
incorrectly assumed that spinal manipulation should not be considered as a potential treatment 
option. 
 
In this case, the patient was encouraged to initiate the stabilization exercises again once the acute 
phase of his LBP was over. Perhaps the manipulative intervention and range of motion exercise 
in this case served as a catalyst to facilitate his recovery from the acute episode and permit him 
to initiate the stabilization exercises earlier than he might otherwise have been able. It is highly 
unlikely this patient’s dramatic improvement over such a short period of time could be attributed 
to the stabilization exercises because these exercises require completion over a longer period of 
time to demonstrate positive effects.271 
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6.6.2 Clinical Prediction Rule Not the only Criterion to Determine Suitability for Spinal 
Manipulation 
A patient’s status with respect to the CPR will in many cases not be the only criterion used to 
determine which patients clinicians should consider manipulation as a potential intervention. 
Clearly, other subgroups of patients exist who require interventions with or without the addition 
of manipulation. For example, a CPR has recently been developed to identify patients likely to 
benefit from a spinal stabilization approach.273 It is also important for clinicians to remember the 
intent of the development of the CPR is to identify patients who are likely to achieve a dramatic 
improvement in only a very short period of time. For example, the CPR is not designed to 
identify patients likely to worsen with manipulation. A clinician should not conclude that 
patients who do not satisfy at least 4/5 criteria in the CPR places the patient at risk for harm or 
worsening of their status. Clinicians who frequently use manipulation and the ODQ as an 
outcome measure will attest that improvements on the order of 30-50% over a 1-4 week period 
of time still represent clinically important change, despite the fact that it does not satisfy the 
reference criterion for improvement used in the development and validation of the CPR. In these 
cases, using the CPR alone would fail to identify these patients as potential candidates for 
manipulation. There may be many scenarios where clinicians appropriately include manipulation 
in the plan of care, even if the patient does not satisfy the criteria. The CPR, however, will be 
extremely helpful in assisting clinicians identify patients likely to achieve a dramatic 
improvement. These are patients therapists will surely not want to miss. Conversely, a therapist 
may elect not to manipulate a patient who meets 4/5 criteria for a potentially valid reason. 
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6.6.3 Identifying Patients who may Benefit from an Alternative Intervention 
It is interesting to note that only 11.5% (7/61) and 36% (22/61) of patients who received the 
stabilization exercise intervention alone achieved at least a 50% improvement in the ODQ at the 
one- and four-week follow-up, respectively. At first glance, this seems to suggest that a 
stabilization exercise intervention in general may not be as effective as spinal manipulation for 
patients with LBP. However, treatment in this study was only carried out for four weeks. It has 
been suggested that the benefits of a stabilization exercise intervention may require completion 
over a longer period of time to demonstrate improvements.271 However, a study using a similar 
stabilization exercise intervention found that only 33% of patients (18/54) demonstrated at least a 
50% improvement in the ODQ at the end of eight weeks.273 It appears that although a 
stabilization exercise intervention is clearly beneficial for a subgroup of patients with LBP, the 
effect is generally smaller. 
 
If classification is to be meaningful, perhaps another subgroup of patients with LBP might 
benefit from a stabilization exercise intervention. Using the same 50% improvement in the ODQ 
score as the reference criterion, Hicks et al273 demonstrated that patients likely to benefit from a 
stabilization exercise intervention tend to 1) have a positive prone instability test, 2) demonstrate 
aberrant movement during lumbar spine range of motion testing, 3) have an average SLR > 91°, 
and 4) be < 40 years of age. The positive LR among patients who met at least three of these 
criteria to identify patients likely to benefit from the stabilization exercise intervention was 4.0 
(1.6, 10). With a pre-test probability of 33%, a positive LR of four translates into a post-test 
probability of 67%, representing a 34% increase in the probability of success when at least three 
criteria were met. Ideally, a meaningful classification system should be able to distinguish 
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between somewhat mutually exclusive groups of patients likely to benefit from a specific 
treatment approach. As the signs and symptoms associated with success from a variety of 
interventions becomes more clear, future work should examine the mutual exclusivity of patients 
to various treatment classifications. 
6.7 An Alternative Spinal Manipulation Clinical Prediction Rule 
Initial development12 and validation of the spinal manipulation CPR focused on maximizing the 
positive LR, which is comprised of both sensitivity and specificity values. This resulted in a CPR 
that maximizes the post-test probability of success. By doing so, equal weight is afforded to 
making false positive and false negative findings. Table 16 demonstrates that 31 patients 
achieved at least a 50% improvement in the ODQ at the one-week follow-up, regardless of their 
status with respect to the CPR. However, 10 of these patients were negative on the CPR (i.e. 
false negative findings), resulting in a false negative rate of 32.2% (10/31) (Table 16). In other 
words, using the CPR will cause clinicians to miss 32% of patients who would otherwise benefit 
from this intervention. This seems to be a high percentage of patients in light of the ease with 
which the manipulative intervention can be performed and the magnitude of improvement that 
was missed over such a short period of time. 
 
To minimize the false negative rate, the CPR needs to identify everyone likely to benefit from 
spinal manipulation, although this will inevitably mean that more patients will receive the 
intervention but not reach the 50% threshold of improvement, thus increasing the false positive 
rate. The issue then becomes how to balance the consequence of false negative versus false 
positive findings. There are very few interventions in a clinician’s armamentarium for LBP that 
can generate change scores on the order of 50% in the ODQ in only one week. Therefore, given 
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the ease with which the CPR is applied and manipulative intervention can be performed, and in 
light in the extremely low risks,124,173,174,176, therapists surely do not want to miss these patients. 
Therefore, minimizing the false negative rate at the expense of increasing the false positive rate 
seems reasonable. The MCID for the ODQ has been shown to be 6 points,210 thus improvements 
or worsening in status less than 6 points are not considered to be clinically meaningful. A total of 
39 patients who received spinal manipulation were classified as a non-success (Table 16), only 
10 of which demonstrated higher ODQ scores indicating movement towards increasing disability 
at the one-week follow-up. Of these 10 patients, only one demonstrated clinically meaningful 
levels of worsening, and the 6-point increase for this patient just meets the MCID of 6 points for 
the ODQ.210 Clearly, patients who receive spinal manipulation are not worsening, regardless of 
their status with respect to the CPR. Rather they are either failing to improve or achieving 
clinically meaningful improvements that do not reach the 50% threshold to be classified as a 
success. In fact, 53.8% (21/39) of patients who received spinal manipulation but not classified as 
a success achieved clinically meaningful change at the one-week follow-up. Thus it appears that 
even in the worst case, spinal manipulation is not causing patients to worsen. This finding is also 
supported in the initial group of patients in which the CPR was developed.239 
 
Based on these considerations, a CPR with a sensitivity of 100% needs to be developed to 
minimize the false negative rate, thus capturing all patients who will achieve at least a 50% 
improvement in the ODQ at the one-week follow-up. Among the 10 patients who were classified 
as false negatives (i.e. achieved at least a 50% improvement but did not meet at least 4/5 criteria 
in the CPR), 8 met at least 3/5 criteria in the CPR. One could simply make a case to lower the 
threshold to at least 3/5 criteria present to justify an attempt at spinal manipulation; however, this 
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would still miss two patients who achieved at least a 50% improvement in the ODQ. Both of 
these patients met 2/5 criteria in the CPR. No patients with either 0 (n=2) or one (n=6) criteria 
present at baseline achieved at least a 50% improvement in the ODQ (Table 14). 
 
Further analysis of the accuracy of individual items in the CPR illustrates that not all items 
contribute to the CPR similarly (Table 22, Table 23, Table 24, Table 25, Table 26, Table 27). In 
fact, among patients with a duration of symptoms less than 16 days who also did not have 
symptoms distal to the knee, the positive LR for success with spinal manipulation was 12.6 (3.2, 
49.8) (Table 38). 
 
Table 38. Accuracy of the CPR to identify patients likely to benefit from spinal manipulation at 
the one-week follow-up. Success was defined as ≥ 50% improvement on the ODQ. A positive 
CPR was defined as having a duration of symptoms < 16 days and not having symptoms distal to 
the knee. 
 Success Non-success Total (%) 
+CPR 
 20 2 
22 (31.4%) 
-CPR 
 11 37 
48 (68.6%) 
Total (%) 31 (44.3%) 39 (55.7%) 70 
 
Sn: .65 (.47, .79) 
Sp: .95 (.83, .99) 
 
+LR: 12.6 (3.2, 49.8) 
-LR: .37 (.23, .61) 
 
This results in a post-test probability of success of 91%, which is similar to the probability 
obtained when all five criteria are considered. Interestingly, this suggests that except for ruling 
out neurologic signs and red flags, a decision can be made to manipulate a patient without ever 
performing a physical examination! This is not to suggest that the physical examination should 
be abandoned. Perhaps there is a therapeutic benefit from the examination process itself, and 
153 
future study could elucidate a therapeutic role of the physical examination, if any, in patients 
with LBP. However, the accuracy of these two historical items is quite interesting given the oft-
quoted dogma that suggests the decision to utilize spinal manipulation is more complex. 
 
Based on this information, in combination with a goal to create a CPR that was 100% sensitive, 
an algorithm was developed to minimize the amount of information necessary to influence 
decision-making, thus maximizing the amount of time saved by clinicians (Figure 16). 
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 1. Does the patient have symptoms < 16 days 
AND have symptoms that do not extend distal 
to the knee? Yes
No
2. Does the patient meet at least 3/5 criteria in the 
CPR (any combination)? 
Yes Manipulate 
No
3. Does the patient have at least 2/5 criteria in 
the CPR (any combination)? 
No
Do not manipulate 
Yes No
4. Is one of the following criteria met? 
a) Symptoms < 16 days 
b) No symptoms distal to the knee
Manipulate 
Yes
Criteria in the CPR 
1) Symptoms < 16 days 
2) No symptoms distal to the knee 
3) FABQW subscale score < 19 
points 
4) At least one hypomobile segment 
in the lumbar spine 
5) At least one hip with 35o internal 
rotation
Figure 16. Algorithm to identify all patients likely to benefit from spinal manipulation (i.e. 100% 
sensitive). 
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The two-by-two contingency table generated from the patients in this study had this algorithm 
been used for decision-making is depicted in Table 39. 
 
Table 39. Accuracy of the CPR algorithm to identify patients likely to benefit from spinal 
manipulation at the one-week follow-up. Success was defined as ≥ 50% improvement on the 
ODQ. A positive CPR was defined as satisfying a decision point in the algorithm that would 
result in a recommendation to use spinal manipulation. 
 Success Non-success Total (%) 
+CPR 
 31 25 56(80.0%) 
-CPR 
 0 14 14 (20.0%) 
Total (%) 31 (44.3%) 39 (55.7%) 70 
 
Sn: 1.0 (.89, 1.0) 
Sp: .36 (.23, .52) 
 
+LR: n/a 
-LR: n/a 
 
(Return to p. 156, 156) 
 
Had this algorithm been used, 80% of patients (56/70) would have received spinal manipulation, 
decreasing the false negative rate to 0% (Table 39). However, the false positive rate increases 
from 5.1% (2/39) using the 4/5 threshold (Table 16) to 64.1% (25/39) with the algorithm (Table 
39). In essence, therapists would have manipulated an additional 23 patients who would not have 
achieved at least a 50% improvement in their ODQ to capture an additional 10 patients who 
would have responded to spinal manipulation. 
 
Development of an alternative CPR does not undermine the usefulness of the previously 
established 4/5 as a valid cut-off to establish an overall positive test. Rather they have different 
interpretations. Following the alternative algorithm allows clinicians to be assured they are 
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identifying all patients likely to benefit from spinal manipulation. Obviously, therapists may still 
not elect to use this intervention, and patients do not have to provide consent. Rather, based on 
the results of the algorithm, clinicians should be expected to offer this management approach to 
their patients when the decision points are met. The therapist and patient can then decide the 
most appropriate course of action through shared decision-making. 
 
Using the 4/5 cut-off to determine when to recommend spinal manipulation may have the most 
value for clinicians who continue to be reluctant to routinely use spinal manipulation in clinical 
practice or patients who are unsure as to whether they should receive this intervention. Clinicians 
can confidently say with 91% certainty that patients who meet at least 4/5 criteria in the CPR 
will achieve at least a 50% improvement in their ODQ by the end of one week. This has 
important implications for decision-making and to establish a patient’s prognosis. It can be 
argued that clinicians who do not offer spinal manipulation for these patients are withholding an 
intervention that has a high probability of being effective. Identifying patients who meet at least 
4/5 criteria in the CPR may help persuade reluctant clinicians to provide spinal manipulation for 
these patients. Failing to do so will forgo a practical guarantee that the patient would achieve at 
least a 50% improvement in the ODQ by the end of one week, a response that cannot likely be 
achieved with an alternative stabilization exercise intervention. 
6.8 The Consequences of Misperceptions Regarding Spinal Manipulation 
The Federation of State Board of Physical Therapy (FSBPT) has the responsibility to develop 
and maintain the National Physical Therapist Examination (NPTE), which is the required 
examination for all physical therapists seeking licensure in the United States. The purpose of the 
NPTE is to “assess basic entry-level competence of the licensure candidate who has graduated 
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from an accredited program of physical therapy”.274 The FSBPT’s role is to provide examination 
services to state regulatory boards charged with regulating physical therapy practice and to 
provide a standardized mechanism to insure a comparable standard for competence across 
jurisdictions. Unfortunately, misperceptions regarding the use of spinal manipulation have 
profound consequences on the inclusion of content related to manipulation on the NPTE. To 
better understand these implications, it is helpful to illustrate the process by which the NPTE is 
developed and constructed. 
6.8.1 Development and Construction of the National Physical Therapist Examination 
6.8.1.1 Job Analysis Survey 
The NPTE is developed by physical therapists who serve on a variety of FSBPT committees. 
Every few years, a group of physical therapist subject matter experts (SME) is assembled to 
determine the knowledge, skills and tasks consistent with physical therapy scope of practice.275 
The Guide to Physical Therapist Practice68 is used as the primary resource to organize and 
describe activities. A final summary list is formed using a Delphi consensus approach. After 
being pilot tested among a representative sample of therapists throughout the United States, a job 
analysis survey is distributed to a random sample of licensed physical therapists.275 Therapists 
are asked to rank activities according to three criteria: 1) acquisition, 2) criticality, and 3) 
frequency. Acquisition is concerned with identifying whether the knowledge requirements and 
skills necessary to perform a particular activity are acquired during entry-level education or 
represent an advanced skill acquired at some point during clinical practice. Criticality represents 
the extent to which incorrect performance of an activity could cause the patient psychological or 
physical harm. Finally, frequency identifies how often a particular activity is performed. 
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6.8.1.2 Development of Content Outline 
The scores for each criterion are combined in an overall composite score for each activity based 
on a weighting factor assigned to each criterion. The criterion related to acquisition is weighted 
most heavily. The activities are then rank-ordered based on the composite score, and a cut-off is 
established to identify the activities to be included on the content outline.275 Activities that do not 
exceed the threshold score are judged to be inconsistent with entry-level practice and omitted 
from the content outline. The content outline serves as blueprint for construction of the NPTE, 
listing specific content areas and the number of questions for each area that must be included on 
the examination.275 
 
Although spinal manipulation is underutilized among physical therapists in general,165-167 this 
phenomenon is particularly pronounced among entry-level therapists.181 Data from the most 
recent Job Analysis for U.S. Physical Therapy Practice181 completed in 2002 demonstrates that, 
on average, therapists perceive spinal manipulation to be an advanced skill to be learned through 
post-professional education and that incorrect performance of these interventions will cause 
“severe psychological or physical harm”.181 Only 11.7% of therapists with 1-2 years of 
experience report using spinal manipulation on a daily or weekly basis, and 62.8% of therapists 
with this level of experience do not utilize these skills at all.181 Unfortunately, utilization rates do 
not substantially improve among therapists with greater than two years of experience (25.3% and 
50.9%, respectively).181 Based on its low utilization rate, high level of perceived harm, and 
perception that these skills are not consistent with entry-level practice, spinal manipulation was 
omitted from the content outline currently used to construct the NPTE.276 Manipulation of the 
extremities is excluded from the current content outline for similar reasons.181 It is curious that 
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some standards seem to have been arbitrarily applied to manipulation, but not other practice 
areas. For example, questions related to pediatric physical therapy are rightly included on the 
content outline; however, only a small percentage of physical therapists work in this practice 
setting, thus utilization rates across physical therapy practice as a whole are not high. 
 
It is unclear if the FSBPT considered the prevalence of manipulation among subgroups of 
physical therapists. For example, it would be expected that manipulation should be more 
prevalent among therapists in a predominantly outpatient orthopaedic practice setting than 
therapists in a primarily neurologic or pediatric setting, for example. If subgroups of therapists 
were not considered, utilization rates of manipulation may have been artificially low. Therefore, 
conclusions drawn from the job analysis survey regarding decisions as to which content should 
be included on the content outline may have been incorrectly made. Although “manual therapy” 
is specifically listed, the definition is limited to “techniques including spinal and peripheral 
mobilization, manual traction, and techniques of soft tissue mobilization.”276 Interpretation of the 
term “mobilization” has apparently excluded the concept of a Grade V mobilization according to 
the Maitland classification,186 thus no items specific to “high-velocity thrust” techniques are 
permitted for either the spine or extremities. 
6.8.1.3 Development of Test Items 
After the content outline is developed, members of the Item Writing Review Committee 
representing a broad range of practice settings develops items based on the content areas and 
their associated weights. Items are reviewed by a Regional Coordinator, after which approved 
items are reviewed by the Item Bank Review Committee. After necessary revisions are made 
through the various levels of individual and committee oversight, a subset of items is eventually 
160 
included in the item bank. These items are then grouped into pretest blocks where the items are 
included on the examination but do not contribute to a candidate’s score. Candidates are unaware 
which items are included in the pretest block. Statistical properties of the items are determined, 
and appropriate revisions are made to maximize the ability of the item to distinguish between 
successful and non-successful candidates. Revised items are then re-tested in a subsequent 
examination administration. Once the statistical requirements for an item are deemed acceptable, 
it can be included as a testable item that contributes to the candidate’s score. Approximately 60-
70% of pre-test items eventually appear as a testable item on the examination.275 The 
Examination Construction and Review Committee then uses the content outline to make the 
determination as to which testable items will appear on a given examination. 
6.8.2 The “Evidence Gap” 
The FSBPT’s aim is to involve a “large, representative group of practicing physical therapists 
and physical therapist assistants and other professionals at every stage of examination 
development [to] ensure that the examinations are relevant to the current practice of physical 
therapy.”274 However, it is important to make a distinction between the examination reflecting 
“current practice” versus “best practice”. The examination can only reflect current evidence 
presuming practice patterns among are consistent with the evidence. It seems logical that the 
presumed intent and assumption of the FSBPT is that “current practice” ultimately will reflect 
practice patterns consistent with current evidence in the literature. However, this does not appear 
to be the case. In fact, the “evidence gap” between “current practice” and “best practice” 
currently appears to be wide. 
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The following physical agents are specifically listed on the current content outline implemented 
in 2002,276 which insure that specific items related to these agents will be included on the 
examination: 1) intermittent compression, 2) superficial thermotherapy (e.g., hot packs, paraffin, 
and Cryotherapy), 3) ultrasound including phonophoresis, 4) electrical stimulation including 
iontophoresis, 5) biofeedback, 6) mechanical modalities (e.g. traction, tilt table/standing frames, 
continuous passive motion), and 7) whirlpool/Hubbard tank. There is growing evidence for the 
effectiveness for electrical stimulation to improve muscle function for a variety of 
neuromusculoskeletal disorders.277-282 However, the common theme throughout the recently 
published Philadelphia Panel evidence-based guidelines on selected interventions for low 
back,283 neck,284 shoulder,285 and knee286 was that there is almost no evidence for the use of 
physical agents in the management of musculoskeletal disorders, yet many of these agents 
continue to be listed in the content outline.276 Hurwitz et al287 found no additional benefit for a 
variety of physical agents in the management of LBP compared to the use of spinal manipulation 
alone. In fact, interventions such as ultrasound have been studied at length for a variety of 
musculoskeletal disorders and found to be ineffective.288 Until evidence was recently published 
demonstrating some short-term effectiveness for superficial heat in patients with acute 
LBP,289,290 no evidence existed for its effectiveness.283-286 Although there is limited evidence to 
support the use of biofeedback in the management of urinary incontinence,291-293 recent evidence 
from RCTs294,295 and a systematic review296 have questioned the usefulness of this modality. 
Except for patients with knee osteoarthritis,286,297 the use of TENS to improve pain for a variety 
of musculoskeletal disorders has been found to be ineffective.298,299 Furthermore, there is also 
conclusive evidence that continuous passive motion is of little value after total knee 
arthroplasty.300-304 Manual therapy interventions such as joint and soft tissue mobilization are 
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specifically included in the content outline,276 yet only limited evidence exists to support their 
effectiveness. For example, the use of massage for a variety of musculoskeletal disorders appears 
to be limited,305,306 and joint mobilization seems to be less effective than manipulation for 
patients with LBP.73,80 In contrast, clinical practice guidelines in the United States,21,22,142 New 
Zealand,22,143 and the United Kingdom146 all recommend spinal manipulation for patients with 
non-radicular acute LBP based on a systematic assessment of the evidence. However, this 
content is omitted from the current content outline for the NPTE.276 Despite this paradox, non 
evidence-based interventions will continue to be included as long therapists report using these 
skills in the job analysis survey. 
 
One particular requirement by the FSBPT in the development of the NPTE further exacerbates 
the “evidence gap”. Item writers are specifically instructed that only textbooks considered to be 
“authoritative” may be used to reference items on the NPTE. Although no precise interpretation 
of the term “authoritative” could be found, the standard appears to require that it be widely used 
and accepted in physical therapy practice. Original journal articles from the peer-reviewed 
literature are specifically excluded as a potential source from which items can be developed. This 
seems odd given the emphasis on evidence-based practice. Clinical expertise communicated in 
non-peer reviewed literature such as textbooks is the lowest level of evidence in the evidence 
hierarchy. Because there is no peer-review requirement, textbooks often strongly reflect an 
author’s own personal bias rather than current evidence and may be inundated with authoritarian 
approaches that entirely lack evidence for their use. Additionally, evidence from an original 
manuscript in the peer-reviewed literature may be 1-2 years old by the time a manuscript has 
been written, submitted for publication, navigated its way through the peer-review process, and 
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finally published in a journal for widespread dissemination to clinicians. On the other hand, 
assuming an author of a textbook actually makes an effort to reflect evidence, they will often lag 
behind the evidence by 5-10 years because of the time required to assemble the volume of 
information from contributing authors and complete the editing and review process by the 
publishing company. This gap is further widened when editions are infrequenlt updated. There is 
no higher standard for authority than a manuscript that has successfully navigated its way 
through the peer-review process. Although some aspects of physical therapy practice remain 
constant across time, evidence for physical therapy practice is growing at an ever increasing rate. 
Excluding orginal articles from the peer-reviewed literature only magnifies the “evidence gap”. 
As a minimum, the FSBPT should encourage item writers to use published manuscripts from the 
peer-reviewed literature. 
6.8.3 The Case for Spinal Manipulation as an Entry-level Skill 
The false notion that spinal manipulation poses undue risks to patients and that these skills are 
perceived to require advanced training181 likely accounts for the reason why clinical practice 
continues to lag behind mounting evidence that suggests spinal manipulation should be widely 
used. This “evidence gap” may largely be attributed to the failure of entry-level programs to 
teach manipulation.307-310 
6.8.3.1 Prevalence of Spinal Manipulation in Entry-level Curricula 
In 1970, Stephens307 surveyed physical therapy programs and found that only 9 out of 51 
programs (17.5%) offered instruction in manipulation, however the operational definition of 
manipulation was not clearly defined in this study. Ben-Sorek and Davis308 conducted a similar 
survey in 1986 and found that 93% of programs incorporated some instruction in “mobilization”, 
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defined as a “skilled passive movement to a joint”. Seventy-two percent of respondents 
expressed an interest in expanding the amount of instruction in joint mobilization.308 More 
recently, Bryan et al309 determined that 103 out of 104 physical therapy programs taught “spinal 
mobilization”, which was defined as “an act of imparting movement, actively or passively to the 
joints or soft tissues of the spinal column”. However, 96% of the faculty reported having 
received their spinal mobilization training through continuing education.309 
6.8.3.2 Is the Glass Half-Empty or Half-Full? 
Boissionault et al310 recently completed a follow-up study to specifically assess the extent to 
which manipulation (i.e. high-velocity thrust techniques) was included in entry-level curricula. 
Unfortunately, only 44% of programs still report teaching these skills.310 Forty-two percent of 
programs did not respond to the survey.310 Although purely speculative, one might suspect that 
some programs not teaching manipulation may perhaps have been more reluctant to respond, 
thus the true proportion of programs teaching these skills could actually be lower. 
 
Faculty reasons for not including manipulation in their curricula include a belief that it is not an 
entry-level skill (45%), lack of time (26%), lack of qualified faculty (7%), and perceived lack of 
scientific evidence regarding efficacy (7%).310 However, the notion that spinal manipulation 
should be considered an advanced skill only to be learned through post-professional continuing 
education courses, fellowships/residency programs, or post-professional degree programs is 
clearly unwarranted. Reviews of the evidence suggest that the safety and effectiveness of spinal 
manipulation is not dependent on the type of practitioner, technique used, or years of 
experience,21,184,311 and patients likely to benefit from spinal manipulation can be identified prior 
to treatment with increasing certainty.12 Spinal manipulation is not the exclusive domain of any 
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single profession, nor is it an esoteric skill that requires years of training to develop. Rather, it is 
a motor skill that most entry-level therapists should be able to acquire with adequate practice. 
Fortunately, the incorporation of spinal manipulation into entry-level curricula appears to be on 
the rise. Among programs that do not presently include manipulation in their curricula, 51% 
report plans to do so in the near future.310 
6.8.3.3 The Evaluative Criteria and Spinal Manipulation 
The Commission on Accreditation of Physical Therapy Education (CAPTE) has recently made 
an effort to get more entry-level physical therapy programs to incorporate manual therapy 
training, including spinal manipulation, into their entry-level therapist curriculum.312 The 
American Physical Therapy Association (APTA) and the American Academy of Orthopaedic 
Manual Physical Therapists (AAOMPT) also formed a manipulation task force in 1998 to 
increase and enhance the level of instruction in spinal manipulation in physical therapy 
education. However, the Evaluative Criteria313 currently contains the more broad term of 
“manual therapy” (3.8.3.28, f.). The CAPTE has interpreted this criterion to mean that programs 
can satisfy the current language by using lower velocity, joint mobilization or soft tissue 
techniques, thus are not required to include any high-velocity thrust techniques. This seems 
unusual in light of The Guide to Physical Therapist Practice,68 which clearly defines 
mobilization/manipulation to include “a small-amplitude/high-velocity therapeutic movement,”68 
and evidence that suggests joint mobilization is less effective than manipulation for patients with 
LBP.73,80 Clearly, this discrepancy should be corrected in the next update of the evaluative 
criteria to require the teaching of at least a core set of high-velocity thrust techniques for spinal 
disorders. 
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6.8.3.4 The Vicious Cycle: Competing Demands for Curricular Attention 
Entry-level physical therapy programs only have a finite number of hours in their curricula. 
Many content areas compete for increased emphasis, and faculty continuously negotiate the 
amount of time allocated to any single content area to insure the curriculum as a whole meets the 
CAPTE Evaluative Criteria313 and the program’s unique mission and needs. For sure, one of the 
key objectives of the curriculum is to prepare students for success on the licensure examination 
and competent physical therapy practice. However, the need to prepare students for success on 
the examination seems to unintentionally contribute to a vicious cycle that further discourages 
the inclusion of manipulation in entry-level curricula. When entry-level programs fail to teach 
these skills, it seems logical that recent graduates may not feel competent using these skills in 
clinical practice. Underutilization of these skills is then reflected in the job analysis survey, 
resulting in the omission of this content from the examination. During the negotiation process to 
allocate time to each content area in a program’s curriculum, a case can be made that because 
content related to manipulation is not tested on the NPTE, it does not deserve attention in the 
curriculum. At the same time, however, other non evidence-based interventions currently 
included on the NPTE continue to be emphasized in the curriculum to prepare students for these 
items on the examination. It seems logical that at least in the short-run, graduates are likely to 
practice in a manner consistent with their educational experience. Thus utilization of a number of 
non evidence-based interventions continues be reflected in the job analysis survey, and the 
vicious cycle repeats itself. It seems this pattern is likely to continue unless modifications in the 
development process of the NPTE are made. 
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6.8.4 The Future of Spinal Manipulation and the National Physical Therapist 
Examination 
Using a retrospective, feedback-based approach based on a job analysis survey may not be the 
ideal mechanism to achieve an examination that reflects “current practice”. Because the job 
analysis survey is only conducted every 5-6 years, the opportunity to reflect changes in practice 
patterns is quite infrequent. Furthermore, it takes approximately 3-4 years from the time a job 
analysis survey is completed until an item navigates its way through the review process for 
consideration as a testable item on the NPTE. Therefore, even presuming spinal manipulation is 
included on the next content outline presumably sometime around 2008, testable items related to 
this intervention will not appear on the NPTE for another 8-10 years from now. If the next job 
analysis does not reflect increased utilization of these skills and a more realistic perception of the 
risks, 16-20 more years will pass before content related to spinal manipulation could be 
considered for inclusion.275 
 
Rather than establishing a level of competence that might meet the expectations of the patients 
we serve, items on the NPTE are intentionally written only to distinguish between therapists who 
are “minimally competent” to practice physical therapy and those who are not. Item writers are 
constantly encouraged to identify in their own mind the characteristics of a “minimally 
competent” therapist, evoking images of someone who may not cause egregious harm to a 
patient, but on the other hand may not have the requisite skills to actually benefit the patient. 
Undoubtedly, the minimally competent therapist would not be someone that most therapists 
would like to have as a colleague or would want as their therapist. However, item writers are 
continually reminded to consider the “minimally competent” therapist when writing items to 
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minimize having items that assess content beyond entry-level practice. However, given the 
recent proliferation of evidence for physical therapy practice, it seems odd that we have such low 
expectations of what entry-level practice should be. It is understandable that we do not expect 
entry-level therapists to be clinical experts and be tested using a standard that might be used on a 
board-certification examination, for example. However, surely a more reasonable level of 
competence could be used. Perhaps the standard should represent a therapist who most therapists 
would not object to having as a colleague, or who would agree that the therapist could 
competently practice physical therapy for a majority of their patients. It is unlikely that our 
profession and the public at large is best served using the “minimally competent” therapist as the 
standard by which our profession licenses therapists. 
6.8.5 Maintaining the Status Quo Not an Option 
The exclusion of manipulation content on the NPTE276 and its de-emphasis in entry-level 
curricula310 all provide legislative and political fodder for opposition groups who wish to limit 
physical therapy scope of practice and deny therapists the right to use manipulative interventions 
in clinical practice. Additional efforts must be made to encourage clinical practice being 
consistent with the evidence. The failure to do so will only jeopardize our profession’s rapid 
transition toward becoming a doctoring profession with a vision to provide direct access physical 
therapy services. 
6.8.5.1 Evidence-based Practice: The Ideal Minimum Standard of Competence 
Perhaps a feed-forward mechanism in which a representative panel of subject matter experts in 
various practice areas is assembled would be more helpful to achieve the FSBPT’s purpose and 
protect the public safety. Rather than focusing on “current practice” based on the job analysis 
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survey, this panel would develop a content outline that includes tasks and roles consistent with 
“best practice” according to the currently available evidence. Working alongside the CAPTE, 
this process would indirectly facilitate evidence-based practice as the minimum standard of 
competence, rather than settling for a minimum standard designed primarily to protect the public 
from the most egregious deficiencies in competence. Entry-level programs would indirectly then 
have to insure their curricula remained consistent with the evidence to prepare their graduates for 
a more current examination. Content included on the NPTE will almost certainly continue to lag 
behind the evidence by at least 8-10 years as long as the current approach remains in place. 
6.9 Incorporating the Spinal Manipulation Clinical Prediction Rule into Clinical Practice 
Clinicians need to be proficient in the manipulative intervention and familiar with the individual 
items and overall decision-making process involved in the application of the CPR. Because the 
results of this study provide clinicians with a practical and evidence-based approach to quickly 
identify the subgroup of patients with LBP likely to likely benefit from this intervention prior to 
treatment, combined with the ease in which the manipulative intervention can be performed, 
incorporation of the CPR into clinical practice should be a reasonable task. However, despite the 
high level of evidence that exists for its use when decision-making is based on the CPR, some 
therapists will inevitably be reluctant to utilize even this single manipulative intervention. 
However, the results of this study directly address the potential reasons why therapists may be 
reluctant to utilize this intervention in the management of patients with LBP. 
6.9.1 Risk of Worsening with Spinal Manipulation 
The perception among clinicians is that the risks associated with spinal manipulation are greater 
than those associated with alternative interventions such as exercise.181 Evidence suggests this 
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perception likely contributes to therapists being reluctant to incorporate these skills in clinical 
practice.181 However, the evidence clearly does not support the notion that spinal manipulation 
poses an unreasonable risk to patients with non-radicular LBP. The risk of a serious complication 
from spinal manipulation such as cauda equina syndrome is extremely low,124,173,174,176 estimated 
at approximately 1 per 100 million manipulations.124,174 In contrast, the risk of sudden death from 
exercise has been established to be roughly 1 per 1.5 million episodes of physical exertion, an 
almost 10-fold increase.314 Not only is the risk of cauda equina syndrome substantially lower 
than that associated with sudden death from exercise, but few would argue that a surgically 
correctable cauda equina syndrome is a more serious adverse outcome than the irreversible 
condition of death. Perhaps this perception is perpetuated in many professional continuing 
education courses that teach spinal manipulation and entry-level programs that teach these skills. 
The notion that spinal manipulation is “dangerous” and should only be practiced by practitioners 
with “advanced” training may serve to heighten the “expert” clinician’s ego; however, it offers 
little to the patient who would otherwise benefit from a potentially effective intervention. 
6.9.1.1 Clinical Factors Associated with a Failure to Improve with Spinal Manipulation 
Given the extremely low risks of a serious complication from spinal manipulation, it has been 
suggested that the greatest risk may be a worsening in the patient’s status, or simply the failure to 
improve.239 Studies reporting the prevalence of adverse effects of spinal manipulation have not 
described the clinical presentation of patients whose status was worsened as a result of this 
intervention. If the clinical presentation of patients unlikely to benefit from lumbar spine 
manipulation could be characterized, this information would be particularly useful for clinicians 
who are reluctant to utilize this intervention. Among the same group of patients in which the 
spinal manipulation CPR was developed,12 Fritz et al239 conducted a study to identify factors 
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from the history and physical examination that were associated with a worsening, or lack of 
improvement in the clinical status of patients with LBP who were treated with spinal 
manipulation. Seventy-one patients with non-radicular LBP (mean age 37.6 ±10.6 years, mean 
duration of symptoms 41.7 ± 54.7 days) received a standardized baseline assessment including 
history, self-reports, lumbar and hip range of motion, and various diagnostic tests to assess 
dysfunction in the lumbopelvic region. All patients were treated with spinal manipulation for a 
maximum of two sessions. Patients who did not show greater than five points of improvement in 
the ODQ were considered to have failed to improve with the manipulative intervention. Baseline 
variables were tested for significant univariate relationship with the outcome of the 
manipulation. Variables showing univariate significance were entered into a logistic regression 
equation and adjusted odds ratios were calculated to determine the explained variability in 
outcome with these 6 factors. 
 
Only 28% (20 patients) failed to improve with manipulation, thus 72% showed meaningful 
clinical improvement after manipulation. These results demonstrate that the majority of patients 
with LBP seem to improve with manipulation, even if patients are manipulated without regard to 
the history and physical examination findings. Importantly, no patients in this study experienced 
any serious adverse effects of the manipulation and only two patients worsened when using a 
greater than five-point increase in the ODQ score as the criteria to define worsening,210 providing 
additional evidence that manipulation appears to be a relatively safe intervention in patients with 
LBP. However, 6 variables were identified as being significantly related to failure to improve 
with manipulation and thus predictive of outcome: 1) longer symptom duration, 2) having 
symptoms in the buttock/leg, 3) not having lumbar hypomobility, 4) less hip rotation range of 
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motion, 5) less discrepancy in left-to-right hip internal rotation range of motion, and 6) a 
negative Gaenslen’s sign.239 Interestingly, only one diagnostic test for the lumbopelvic region, 
the Gaenslen sign, was associated with outcome, providing additional evidence of the futility of 
these tests. The resulting logistic regression model that incorporated these findings explained 
63% of the variability in manipulation outcome. 
 
From the history, the most important factors associated with failure to improve with 
manipulation were a longer duration of symptoms, and the presence of symptoms distal to the 
low back. The improved effectiveness of manipulation in patients with more acute symptoms has 
been identified in subgroup analyses of previously published RCTs.80,84 Spinal manipulation is 
believed by some to be contraindicated for patients with sciatica.21,315 Patients with signs of 
nerve root compression were excluded from this study; however, patients with symptoms into the 
buttock or leg(s) were more likely to fail to improve with manipulation.239 Ninety-percent of 
patients who failed to improve had symptoms distal to the low back, and 40% had symptoms 
distal to the knee, compared with 61% and 20%, respectively, for patients who improved. 
 
Similar to the factors in the CPR to predict success with manipulation,12 relatively few physical 
examination findings were significantly associated with a failure to improve. Most of the 
physical examination findings associated with treatment failure were related to the presence of 
less hip internal and external rotation range of motion and less discrepancy in internal rotation 
range of motion between the left and right hips. Although several investigators have suggested a 
link between limited hip rotation range of motion and the presence of LBP,236-238,240,241,316-318 
additional research is needed to explore the relationship between the range of hip rotation and 
173 
outcome from manipulation; however, these data239 suggest that patients with a characteristic 
pattern of less hip internal and external rotation range of motion and less discrepancy in internal 
rotation range of motion between the left and right hips may be more likely to respond to an 
intervention other than spinal manipulation. The important result of this study is that clinicians 
can use these preliminary findings to a priori identify those patients who may be more likely to 
benefit from an intervention other than spinal manipulation, information which can assist 
clinicians in decision-making. 
6.9.1.2 Quantifying the Risk of Worsening from Spinal Manipulation 
Characterizing the factors associated with a failure to improve with spinal manipulation is 
helpful for decision-making and may serve to dampen the false notion that utilizing this 
intervention poses unnecessary risks to patients with LBP. Although the risk is extremely 
low,124,173,174,176 the “seriousness” of the albeit almost negligible risk among patients with non-
radicular LBP may contribute to the reluctance among some clinicians to routinely utilize these 
skills.181 Therefore, it would be helpful to quantify this risk compared to an alternative 
intervention believed to be “less risky” such as a stabilization exercise approach. 
 
To characterize the risks associated with spinal manipulation, researchers and clinicians have 
historically relied on a rather defensive position by defining the risk in terms of experiencing a 
serious complication. However, clinicians who routinely use these skills will readily attest to the 
notion that spinal manipulation is safe and effective. But more importantly, because many 
patients seem to experience a somewhat dramatic improvement, perhaps the failure to offer this 
intervention may actually place the patient at risk for not achieving an optimal outcome. Thus it 
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would be interesting to consider a more “offensive”, diametrically opposed way of thinking, and 
actually quantify the risk of NOT of not offering spinal manipulation to patients with LBP. 
 
To characterize the risk of failing to offer spinal manipulation for patients with LBP, the MCID 
of 6 points for the ODQ210 was used to classify patients in both groups as to whether they 
improved, worsened, or remained unchanged in their clinical status at the one- and four-week 
follow-up examination (Table 40). 
 
Table 40. Number (percent) of patients in each group who improved, worsened, or remained 
unchanged in their clinical status at the one- and four-week follow-up. Improvement and 
worsening was defined as changes ≥ 6 points and ≤ 6 points in the ODQ, respectively. 
Otherwise, patients were classified as unchanged. 
 One-week Four-week 
 Improved1 No change Worsened2 Improved3 No change Worsened4
Manipulation 
Group 
(n=70) 
52 
(74.3%) 
17 
(24.4%) 
1 
(1.4%) 
57 
(81.4%) 
11 
(15.7%) 
2 
(2.9%) 
Exercise 
Group 
(n=61) 
31 
(50.8%) 
23 
(37.7) 
7 
(11.5%) 
37 
(60.7%) 
17 
(27.9%) 
7 
(11.5%) 
1χ2=7.7 (p=.005), odds ratio=2.8 (1.3, 5.8) (p=.006) 
2χ2=5.7 (p=.017), odds ratio=8.9 (1.1, 74.9) (p=.043) 
3χ2=6.9 (p=.008), odds ratio=2.8 (1.3, 6.3) (p=.01) 
4χ2=3.8 (p=.052), odds ratio=4.4 (.88, 22.1) (p=.071) 
 
(Return to p. 175, 175, 176, 176, 176, 176, 177) 
 
Only 25.7% (18/70) of patients failed to demonstrate clinically meaningful improvement with 
spinal manipulation at the one-week follow-up, thus 74.3% (52/70) demonstrated improvement 
(Table 40). In contrast, 49.2% (30/61) of patients who received the stabilization exercise 
intervention alone failed to improve at the one-week follow-up (Table 40). Similar figures are 
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observed at the four-week follow-up (Table 40). These results demonstrate that even if clinicians 
randomly manipulate patients with LBP, paying no attention to the history and physical 
examination, patients are likely to demonstrate clinically meaningful improvements. No patients 
who received spinal manipulation experienced a serious adverse event, and only one patient 
experienced a worsening in status, and this patient just met the threshold by experiencing a 6-
point increase in ODQ at the one-week follow-up (Table 40). 12% of patients who received the 
stabilization exercise intervention experienced a worsening in status at the one-week follow-up 
compared to only 1% of patients who received spinal manipulation (p=.017). A similar trend was 
observed at the four-week follow-up (p=.052). Alternatively, 74% of patients who received 
spinal manipulation experienced clinically meaningful levels of improvement at the one-week 
follow-up compared to only 51% who received the stabilization exercise intervention (p=.005). 
A similar finding is noted at the four-week follow-up (p=.008) (Table 40). 
 
Perhaps the best way to illustrate the risks associated with spinal manipulation is to determine 
the odds of experiencing a worsening in status based on whether the patient received spinal 
manipulation or the stabilization exercise intervention alone. In this case, the risk factor was 
defined as not receiving spinal manipulation, and the “adverse” outcome was defined as 
experiencing at least a 6-point worsening on the ODQ at the one-week follow-up. The odds ratio 
associated with a worsening in status at the one-week follow-up for patients not receiving spinal 
manipulation was 8.9 (1.1, 74.9) (p=.043) (Table 40). This means that patients who received the 
stabilization exercise intervention alone were almost 9 times as likely to experience a worsening 
in status compared to patients who received spinal manipulation. Because there is little 
theoretical rationale for why the stabilization exercise intervention is actually harmful, a more 
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accurate interpretation might be to say that the failure to offer spinal manipulation to patients 
with LBP in general places patients at a 9-fold increased risk of worsening. A similar trend is 
observed at the four-week follow-up. Alternatively, patients who received spinal manipulation 
were almost three times as likely to experience clinically meaningful levels of improvement at 
the one- (p=.006) and four-week (p=.01) follow-up examination (Table 40). 
 
Another approach to characterize the risk of failing to offer spinal manipulation for patients with 
LBP is to characterize the odds of success with spinal manipulation compared to an alternative 
intervention such as a stabilization exercise program. The number of patients in each group who 
were classified as a success at the one-and four-week follow-up is depicted in  
Table 41. 
 
Table 41. Number (percent) of patients in each group who were classified as a success at the one-
and four-week follow-up. Success was defined as ≥ 50% improvement in the ODQ score. 
 One week* Four weeks** 
 Success1 Non-success Success2 Non-success 
Manipulation Group 
(n=70) 
31 
(44.3%) 
39 
(55.7%) 
44 
(62.9%) 
26 
(37.1%) 
Exercise Group 
(n=61) 
7 
(11.5%) 
54 
(88.5%) 
22 
(36.1%) 
39 
(63.9%) 
1χ2=17.0 (p<.001), odds ratio=6.1 (2.4, 15.4) (p<.001) 
2χ2=9.4 (p=.002), odds ratio=3.0 (1.5, 6.1) (p=.003) 
 
(Return to p. 178, 178) 
 
44.3% (31/70) experienced at least a 50% improvement in the ODQ at the one-week follow-up 
compared to only 11.5% (7/61) of patients who received the stabilization exercise intervention 
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(p<.001). By the four-week follow-up, 62.9% (44/70) of patients who received spinal 
manipulation had a successful outcome comapred to only 36.1% (22/61) of patients who 
received the stabilization exercise intervention (Table 41). The corresponding odds ratios 
demonstrate that patients who received spinal manipulation were 6 times as likely to experience 
a successful outcome at the one-week follow-up (p<.001) and three times as likely at the four-
week follow-up (p=.003) (Table 41). 
 
Interestingly, these data pay no attention to decision-making related to the CPR. It seems logical 
that odds of changes in clinical status might be further magnified when decisision-making related 
to the CPR is considered (i.e. considering only patients classified as positive on the CPR). No 
patients classified as positive on the CPR experienced a worsening in status, thus calculation of 
the odds ratio among only patients classified as positive on the CPR is indeterminable. However, 
based on these data, clinicians can be virtually certain that the decision to use spinal 
manipulation in these patients will not lead to a worsening in status. The odds of improvement 
among only patients classified as positive on the CPR increases to 22 (2.5, 190.4), and the odds 
of success increases to 73.5 (11.1, 485.9). This means that patients classififed as positive on the 
CPR are 74 times as likely to experience a successful outcome if they receive spinal 
manipulation than if they receive a stabilization exercise intervention. 
 
A historically defensive position has been used to characterize the risks associated with spinal 
manipulation; however, the results of this study suggest that the risk of failing to routinely offer 
this intervention for patients with LBP is real and that a more offensive approach is warranted to 
describe these risks. Not only does spinal manipulation not expose patients to unnecessary risks 
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of serious complications, but the failure to widely utilize this intervention in patients with LBP 
actually increases a patient’s risk of worsening. Alternatively, using this intervention 
significantly increases the odds of experiencing clinically meaningful levels of improvement and 
a successful outcome. 
6.9.1.3 Spinal Manipulation and the Informed Consent Process 
Despite evidence that suggests spinal manipulation is beneficial among patients classified as 
positive on the CPR, and that the risks are extremely low,124,173,174,176 the perception of harm 
must be considered. Clearly, the benefit of spinal manipulation among patients who meet at least 
4/5 criteria appear to outweigh the very small risk. However, as with any intervention, the patient 
should be informed of the risks and benefits to make an informed decision. It is important to let 
the patient know that according to the current understanding of the problem, serious injury is 
extremely rare. Therapists are cautioned against overstating the risks and unnecessarily 
heightening the patient’s level of anxiety. It may help therapists put things into perspective by 
considering the risk/benefit ratio of other commonly prescribed treatments, such as NSAIDS. 
Clinicians could say something like, “I would like to proceed with a manipulative intervention 
designed to increase motion and decrease pain in your low back. The risk of this procedure is 
extremely low. In fact, the risk of having a serious adverse side effect from taking NSAIDs is 
greater than the risks associated with manipulation. If you are uncomfortable in anyway please 
let me know. Furthermore, based on your clinical examination, you have some factors that 
suggest manipulation is likely to be very helpful to improve your pain and function in only a few 
days.” It is also important to document that the patient consented to manipulative intervention 
procedures and that any screening tests, if performed, were negative. Therapists should not view 
informed consent as a “line in the sand”, so to speak, after which clinicians are free to do 
179 
whatever they wish. Informed consent is really an ongoing process of communication between 
the clinician and patient. The demeanor and goals of the patient, nature of referral, skill of the 
therapist, and bias of the referring provider must all be weighed in the context of the overall 
decision-making process in the determination to utilize mobilization/manipulative interventions. 
6.9.2 Are the Benefits of Spinal Manipulation Worth the Effort? 
The results of this study clearly demonstrate improvements in outcome when a patient’s status 
with respect to the CPR is considered. However, determination of whether the benefits are worth 
the effort required to use the CPR in clinical practice is also an important consideration.233 The 
number needed to treat (NNT) statistic is a useful statistic to make this determination. The NNT 
represents the number of patients a clinician must treat with the intervention of interest to avoid 
one adverse outcome. To be conservative, an “adverse outcome” was defined as a patient’s 
failure to achieve at least a 50% improvement in the ODQ at the one-week follow-up. 
Improvements of smaller magnitudes certainly do not represent an “adverse outcome” in the 
classic sense and likely still represent clinically meaningful change. Using a more conservative 
definition of “adverse outcome” as the failure to achieve the MCID of 6 points would yield an 
even smaller NNT. 
 
The NNT statistic based on the patient’s status with respect to the CPR is reported in Table 36. 
Including all patients who received spinal manipulation (i.e. ignoring the CPR), the NNT was 3.1 
(2.2, 5.7) (Table 36). However, when considering only patients classified as positive on the CPR, 
the NNT drops to 1.3 (1.1, 1.9) (Table 36). On the other hand, considering only patients 
classified as negative on the CPR, the NNT rises to 9.6 (3.9, Infinity) (Table 36). Similar NNT 
statistics are observed at the four-week follow-up (Table 36). This means that for every patient a 
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clinician sees, one adverse outcome is prevented each time the CPR is used. When the CPR is 
ignored and patients are randomly manipulated, 3-4 patients need to be treated to avoid a 
patient’s not achieving at least a 50% improvement in their ODQ. Incidentally, the confidence 
intervals around the NNT between all patients who received spinal manipulation (i.e. the 
heterogeneous group) versus only those classified as positive on the CPR (i.e. the homogeneous 
group) do not overlap, thus the NNT statistics are statistically different, further elucidating the 
value of classifying patients with LBP to improve decision-making. 
6.9.2.1 Simple to Use 
The spinal manipulation CPR is simple to use. Only two out of five criteria in the CPR are based 
on the results of the physical examination (segmental mobility testing of the lumbar spine and 
assessment of hip internal rotation range of motion). The other three criteria related to the 
duration and location of symptoms and score on the FABQW subscale are all obtained during the 
patient’s history. In essence, clinicians can get a good initial impression about whether a patient 
may benefit from spinal manipulation before the physical examination even begins. 
 
Determining a patient’s status with respect to the CPR should take no longer than five minutes, 
which offers clinicians an efficient and practical evidence-based guide for decision-making to 
identify patients with LBP likely to benefit from this intervention. Use of the CPR for decision-
making in patients with LBP certainly appears to be a valid alternative approach compared to 
performing a time-consuming plethora of diagnostic tests with little evidence for their use. 
Importantly, clinicians can also use the prognostic information provided by the LRs associated 
with the CPR to help patients make informed decisions about potential treatment options for their 
LBP. 
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6.9.2.2 One Manipulative Intervention 
The manipulative intervention used in the development12 and validation of the spinal 
manipulation CPR was chosen based on clinical experience and evidence from the literature4,5 
that it seems to be helpful for a spectrum of patients with LBP. The technique itself is well-
described in the literature, easy to perform, and arguably has more evidence for its effectiveness 
than any other single technique.4,5,12 The results of this validation study should encourage 
clinicians that they can be familiar with only one manipulative intervention and still help many 
patients with LBP. Based on our experience with entry-level physical therapy students, this 
technique can be easily learned and safely applied by all clinicians. To our knowledge, there are 
no adverse events that have ever been reported in the literature using this technique in patients 
with non-radicular LBP. 
6.10 The Ultimate Goal: Changing Clinician Behavior to Improve Outcomes of Care 
6.11 Level of Evidence of the Spinal Manipulation Clinical Prediction Rule 
Although results from this study serve as a necessary step in the CPR’s validation, further 
research is necessary to determine the impact of implementation of the CPR on clinical practice. 
The validation process of a CPR may ultimately require several studies to fully test its 
accuracy.243 However, a single validation study that satisfies four rigorous methodologic 
standards outlined by McGinn et al243 may be sufficient to warrant broad implementation. The 
four standards are listed in Table 42. 
 
Table 42. Methodologic standards for validation of a CPR. 
1. Were the patients chosen in an unbiased fashion and do they represent a wide spectrum of 
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severity of disease? 
2. Was there a blinded assessment of the criterion standard for all patients? 
3. Was there an explicit and accurate interpretation of the predictor variables and the actual rule 
without knowledge of the outcome? 
4. Was there 100% follow-up of those enrolled? 
 
This study clearly appears to satisfy each of these criteria. Consecutive patients who met the 
inclusion/exclusion criteria were enrolled into the study. Except for patients with lower levels of 
disability or who had neurologic signs or other red flags that might preclude the use of spinal 
manipulation, all patients with LBP were invited to participate. The reference criterion consisted 
of a patient self-report measure of outcome using the ODQ, thus not readily subject to rater bias. 
Patients were unaware of their status with respect to the CPR. Additionally, all predictor 
variables were assessed at baseline by an examiner who was not aware of which predictor 
variables were included in the CPR. Furthermore, the patient’s overall status with respect to the 
CPR was made by an examiner blinded to the patient’s group assignment. Even presuming the 
examiner was not blinded to the predictor variables, the reference criterion was not assessed until 
the one-week follow-up, thus could not foreknow the outcome at baseline when the predictor 
variables were assessed. Finally, 100% of patients who received spinal manipulation were 
present for the one-week follow-up, which was the primary follow-up necessary to validate the 
CPR. 
 
This study was conducted using 13 physical therapists across 8 clinical sites in a variety of 
healthcare settings and geographical regions in the United States, thus increasing the 
generalizability of the findings. Table 8 includes a summary of the characteristics of therapists 
who participated, and Table 9 summarizes the sources from which therapists received their 
training in spinal manipulation. 
183 
 McGinn et al243 have established a hierarchy of evidence for CPRs. Having satisfied rigorous 
methodologic standards and in light of the ease with which the CPR can be applied and 
manipulative intervention can be performed, the large effect of treatment, and the extremely low 
risks associated with spinal manipulation,124,173,174,176 the spinal manipulation CPR corresponds 
to Level II in the hierarchy of evidence. Based on these criteria, a recommendation to implement 
the spinal manipulation CPR into clinical practice seems reasonable. 
6.11.1 Impact Analysis of the Spinal Manipulation CPR 
The process of developing and testing a CPR requires three steps.195 Flynn et al12 accomplished 
the first step by creating the CPR. The present study addresses the second step in the validation 
of a CPR. Because the results support the validity of the CPR, the next step will involve an 
impact analysis of its implementation. This can be done primarily in one of two ways. Ideally, 
investigators would randomly assign clinical sites to either apply the CPR or not apply it, 
monitoring the impact of its introduction on clinical practice patterns, outcomes, and costs of 
care. A design could be utilized in which individual patients were randomly assigned; however, 
it would be easier for clinicians to incorporate (or not incorporate) the CPR for all patients. An 
alternative design would be to examine similar outcomes prior to the CPR’s implementation and 
then re-examine the outcomes after it has been implemented. However, the inference of the 
findings is clearly stronger with the randomized design. 
 
Several successful impact analysis studies319-321 similar to the one that would be proposed to 
assess the impact of the spinal manipulation CPR have been completed for the Ottawa ankle 
rules, making it a Level I CPR in the hierarchy of evidence.243 One trial319 randomly assigned 6 
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emergency departments to apply or not apply the Ottawa ankle rules. Ankle radiographs were 
ordered in 99.6% of patients in the control group compared to 78.9% in the intervention group 
(p=.03). Although three fractures were missed, none were associated with an adverse outcome. 
Utilizing a non-randomized before and after design, Stiell et al320 demonstrated a 28% reduction 
in the utilization of ankle radiographs and a 14% reduction in foot radiographs upon 
implementation of the Ottawa ankle rules compared to a control hospital not trained to use the 
rule (p<.001). Compared to patients who had radiography but were determined not to have a 
fracture, patients discharged without radiography also spent significantly less time in the 
emergency department (80 minutes vs. 116 minutes, p<.0001), had lower estimated total medical 
costs ($62 vs. $173, p<.001), but did not differ in the percentage that was satisfied with their care 
(95% vs. 96%). Importantly, these results were achieved without compromising the quality of 
care, and the reductions were maintained over a 12-month period after the formal trial to assess 
the impact of the rule was completed.321 Similar reductions in utilization, costs of care, and 
waiting times without compromising patient satisfaction or quality of care were found upon 
implementation of the Ottawa knee rules.322,323 One could also assess the validity of the CPR in 
different healthcare settings (i.e. academic medical center vs. military vs. HMO setting) to 
determine if the rule can be applied across different settings in which healthcare is delivered. The 
utility of the CPR would be further enhanced if it could be demonstrated that patients benefited 
similarly when the rule was applied in a broad spectrum of healthcare settings. If these studies 
were ultimately successful, the spinal manipulation CPR could eventually be classified as a 
Level I CPR in the hierarchy of evidence.243 
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6.11.2 Implementation Strategies 
CPRs have the potential to improve outcomes, increase patient satisfaction, and decrease costs of 
care. They can be useful tools to save clinicians valuable time and better inform patients as to 
their diagnosis or prognosis of outcome. It seems logical that publishing evidence for a CPR or a 
particular intervention should be sufficient to change practice patterns and decision-making 
accordingly. However, this clearly does not appear to be the case. Although publishing evidence 
is certainly an important goal, changing clinician behavior is entirely another issue.324 
 
Despite the intuitive attraction of CPRs, the transition from evidence to everyday clinical 
practice can be difficult. The challenge for clinicians is to find an effective means to implement 
them into a busy clinical setting. Clinicians are required to recall the individual predictor 
variables, how to assess patients with respect to each predictor, and remember them in the 
overall decision-making process to maximize the accuracy of its use. Unless clinicians are 
confident that the CPR is easy to use and will improve costs and/or outcomes of care, systematic 
implementation may be difficult. 
 
Even having a Level I CPR such as the Ottawa ankle rules does not guarantee that it can be 
easily incorporated into clinical practice. Cameron and Naylor325 found no change in the use of 
ankle radiography among emergency department physicians who had been trained in its use. 
Although a “magic bullet” strategy to change clinician behavior does not appear to exist,324 
efforts should be made to utilize effective implementation strategies to facilitate practice patterns 
becoming more consistent with the evidence.326-328 To achieve successful implementation of the 
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spinal manipulation CPR into clinical practice, specific strategies will need to be employed based 
on the unique circumstances of each therapist and practice setting. 
 
Evidence has shown that patients referred early after symptom onset tend to return to worker 
sooner than patients in which referral is delayed, suggesting that the timing of physical therapy 
intervention is an important consideration in general.329 In this study, patients with a shorter 
duration of symptoms tended to succeed with spinal manipulation; however, only 35.1% 
(46/131) of patients were below the cut-off of 16 days. The low percentage of patients who met 
this criterion may largely be attributed to the fact that these patients were all referred for physical 
therapy from their primary care provider, resulting in a delay of several days or weeks between 
their referral and initial physical therapy visit. Although not all patients will seek primary 
management of their LBP within a 16-day period from the time of onset, applying the CPR to 
patients soon after symptom onset will increase the opportunity for patients to satisfy this 
criterion. Patients not seen until 2-3 weeks or more later after the onset of their symptoms must 
satisfy the remaining four criteria in the CPR to meet the 4/5 threshold, resulting in a decreased 
opportunity to be positive on the CPR. This suggests that efforts need to be made to improve 
access to physical therapy for patients with acute LBP. 
 
It would also be interesting to determine the impact of implementing the CPR for decision-
making among patients with LBP in the primary care setting, where patients first encounter the 
healthcare system, on practice patterns, outcomes of care, and costs. Although limited evidence 
exists, one study330 demonstrated that training primary care physicians in a limited number of 
manual therapy interventions may result in improved recovery rates immediately after treatment. 
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Given the parochial boundaries that exist among professions who provide similar services, such 
an endeavor would likely evoke controversy. However, spinal manipulation is not the exclusive 
domain of any single profession. Physical therapists, medical doctors, osteopathic physicians, 
and chiropractors all include these skills in their scope of practice, and evidence-based practice 
should have no professional boundaries. Rather, maximizing patient outcome and quality of life 
must remain the primary focus, without undue regard for advancing any single profession’s 
political agenda.  
6.11.3 General vs. Specific Approach 
A recent RCT193 was performed to assess the meaningful of end-feel testing to improve decision-
making in the use of manipulation for patients with neck pain. 104 patients were randomly 
assigned to receive one of two interventions. One group received manipulation targeted to 
specific cervical vertebrae based on the results of precise end-feel testing. For the other group, 
end-feel testing was performed to rule out the possibility of an attention effect, but decision-
making was based on randomly computer-generated examination findings. Although both groups 
improved, no differences in neck pain or stiffness were found between the groups five hours after 
treatment. Although short-term, these results suggest that improvement from manipulation may 
be attributable to the manipulative intervention itself, rather than the explicit decision-making 
process that is used. In a similar study in patients with LBP, it would be interesting to determine 
if using a generalized manipulative intervention in patients who meet the criteria in the CPR 
results in similar or perhaps even better outcome than using some of the highly specific and often 
complex diagnostic schemes theoretically used to select a specific manipulative intervention to 
ameliorate a specific underlying biomechanical dysfunction. Additionally, a study could be 
conducted to determine if there are differences in the effectiveness of a variety of manipulative 
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interventions in patients who meet the criteria in the CPR. Perhaps the use of manipulation itself 
in the appropriate subgroup of patients with LBP is more important than the selection of a 
precise technique based on theoretical principles about biomechanical dysfunction that have 
largely not been substantiated by the evidence. 
7. Conclusion 
CPRs have become increasingly important to improve decision-making related to diagnosis and 
prognosis among patients with a variety of disorders. To our knowledge, the development and 
validation of the spinal manipulation CPR is the first to establish a patient’s prognosis based on 
receiving a standardized intervention. Additionally, its development and validation are the first to 
examine the characteristics of patients most likely to benefit from this intervention. The results 
of this study validate and refine the initial development of the spinal manipulation CPR and 
suggest that outcome from spinal manipulation depends upon a patient’s status with respect to 
the CPR. Importantly, the criteria in the CPR appear to identify patients specifically responding 
to spinal manipulation, rather than simply identifying patients with a favorable natural history. 
 
The development and validation of the spinal manipulation CPR, combined with the increased 
risk of worsening when this intervention is not offered to patients, should help to reverse trends 
showing spinal manipulation continues to be underutilized despite consistent recommendations 
for its use. The results of this study should also encourage the inclusion of these skills in entry-
level curricula, ultimately resulting in increased utilization of these skills among entry-level 
therapists. Patients who might benefit from this intervention can be accurately identified at the 
initial examination by assessing only a few factors from history and physical examination. 
Because the CPR is simple to use and requires proficiency with only a single manipulative 
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intervention, it can readily be applied in a busy clinical setting by clinicians with varying levels 
of experience. 
 
Future studies will continue to validate the spinal manipulation CPR and examine the impact of 
its implementation on clinical practice patterns, outcomes, and costs of care. Future work from 
this study will also investigate outcomes from spinal manipulation at a 6-month follow-up. 
Armed with only a single manipulative intervention, clinicians can use the spinal manipulation 
CPR to improve decision-making and outcome for patients with LBP. 
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